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(54) Backlighting device and color display device 

(57) To achieve a backlighting device having excel- 
lent light utilization, there is provided an edge Hghling- 
type backlight having a light guiding member, a high- 
refractive -index layer formed thereon and having a 
higher refractive index than the light guiding member, 
and a scattering layer formed on the high-refractive- 
index layer. Light from a light source disposed facing the 
edge of the light guiding member enters the high-refrac^ 
tive-index layer through the light guiding member, and 
effectively scatters scatterers to produce high bright- 
ness, and furthermore, to achieve a color display device 
that eliminates color mixing in a transparent display 
device for decorative or various display uses, a con- 
struction is provided in which on one surface of a light 
guiding plate there are formed a high-refractive-index 
layer having a higher refractive index than the light guid- 
ing plate, a light scattering layer, and a low-refractive- 
index layer having a lower refractive index than the light 
guiding plate, one on top of another in this order, and on 
too of that structure another light guiding plate is pro- 
vided, on top of which a high-refractive- index layer and 
a tight scattering layer are likewise formed, while a color 
filter is disposed on one edge face of each light guiding 
plate and a light source is disposed near each color fil- 
ter 
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Descriplon 

BACKGHOUND OF THE INVENTION 

1 . FieW c< the Invention 

Thepresent invention relates to a backlighting device used as a surface-area lignt source for various kinds of dis- 
play devces, and also relates to a display device, and parttcularfy a color display device, that is used, for example, in 
transportmears such as an automobile , vessel , train car, and that allcws the driver or operator of the transport means 
't to view images or characters displayed on the display in superimposec fashion on an outside view ahead. 

2. Descr^iion of the Related Art 

In recent years, an edge lighting method has become a predominant method for flat display backlighting. This 

/5 method ases a substrate made of an acrylic resin or the like, and a light source (such as a fluorescent lamp or cold- 
cathode bnp) disposed in close proximity to an edge of the substrate, and light from the light source is introduced into 
the transparent resm substrate and is made to emerge from the display surface. If a picture or other visual means is 
used instead of a display this edge lighting method can be used for a decorative panel or a signboard. In such applica- 
tions, in »der to utilize efficiently light it is usual to place a reflecting plate on the reverse side of the substrate arx:i a 

2c diffusing piate on the front side. 

The Kffractive index of the acrylic resin (polymethyl methacrylate) is n = 1 .49. Therefore the critical angle of reflec- 
tion at th« interlace with air is about 42°, and most of the light from the light source propagates through the substrate 
without emerging from the substrate. A variety of methods have been proposed to avoid this limitation and to extract the 
light in thtdesired direction (Japanese Patent Unexamined Publication Nos. 61 -55684 and 1-245220, Japanese Patent 

25 Examineil Publication No 58-17957, Japanese Patent Unexamined Publication No 59-194302 etc.). 

In a »»etbod that involves applying a white paint or the like on the front side to diffuse light, light absorption by the 
paint cannot be ignored Another method involves roughening the front surface from which the light emerges, but with 
this method also, sufficient light utilization cannot be obtained. In most of the currently practiced methods, direct emer- 
gent lightfrom the front surface is not actively utilized, but a reflective film is placed on the reverse side of a light guiding 

30 plate andreflected light from the reflective film is made to emerge from the front surface, A white-colored film (including 
a white odor painted plate, white color printed film, etc.) or a metallized film is used as the reflective film. The diffusing 
plate on he front side is used presumably for the purpose of evening out the reflected light, and furthermore, to 
enhance he directionality of the emergent light and increase its brightness, a method that uses a prism film or the like 
is empio^. 

35 Howafer, with the shift from the traditional monochrome display to the more advanced full-color display it is becom- 
ing increasingly important to increase the screen brightness, and a further improvement in the efficiency of backlighting 
is needed To achieve this, various improvements have been proposed, such as reducing the cold-cathode iamp diam- 
eter, mprw/ing the reflective film, and improving the geometrical shape of the light guiding plate. While these improve- 
ments haie t>een successful in increasing the brightness, they have had other problems such as increased cost and 

40 increasedcomplexity of the system. Furthermore, utilizing reflected light is reaching its technological limit. The only way 
left to furfier improve the efficiency is to utilize the directly emerging light from the front surface of the light guiding plate. 
Utilizing the direct light from the front surface involves the problem of using the surface-area light source as a transpar- 
ent body. 

In ap^ications where a picture or other visual means is used instead of a display to create a display apparatus 
45 (static) SLEh as a light-guiding type decorative panel or signboard, as earlier described, in the case of displaying a color 
picture thecoior picture can be used as is, and in other cases, usually a light-scattering image or sign pattern is drawn 
and cut and is overlaid on a background color plate, while using a color filter to accomplish a color display 

On the other hand, if a dynamic display is to be achieved with this display, one possible way will be to use a light- 
scattering'mage using, for example, a macromolecular dispersion-type liquid crystal (polymer dispersed liquid crystal). 
50 in connecion with this method, constructions similar to the above display apparatus are disclosed, for example, in Jap- 
anese Patent Unexamined Publication Nos 3-73926 and 3-23423. The former proposes arranging different-colored 
light sources on two edge sides cf a liquid crystal panel and switching the color between the two light sources thereby 
changing tte color of a single image in time sequence. The latter states that a color display can be realized using color 
filters though no specific examples are shown. 
55 In the(£tatc) display apparatus of the above prior art. since color filters are used for the image portion, the number 
of colors tet can be produced is fixed, "urthermore, with the exception of special examples, since a reflecting olaie or 
a colored screen or the like is used for the background, they generally lack the concept that the whole construction 
should bemade transparent. On the other hand, in the dynamic display apparatus using a macromolecular dispersion- 
type 6quidcrystal, the image can be displayed in mono-color but cannot be displayed in multi-coiors at any arbitrary 
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time and in any arbitrary region, Japanese Patent Unexamined Publication Nos. 3-73926 and 3-23423, citec above, 
both use a reflecting plate or a colored absoroing piate in their embodiments and lack the concept that the whole con- 
struction shoukj be made transparent. The freedom of color selection can be increased and multi-color capability 
achieved by making the construction transparent and by stacking one on top of another a oluralir/ of display devices 

5 each used to introduce a different color. In this case, however, the problem of how to separate the respective colors has 
to be addressed. There 6 also the problem of how to increase the variety of colors. A further problem is how these 
requirements can be accomplished m a compact and efficient construction. 

There are two mam types of display device: the self-iuminous type such as the CRT POP, LED, and EL, and the 
external light type, such as the liquid crystal and electrochromic display that produces the display by receiving light from 

/L a separate light source In some applications, such display devices are positioned for use near a winoow glass or a 
show window. In other and more recent applications, such display devices are used as instrument anc other display 
devices in automobiles, vessels, tram cars, etc., a typical example being a direct-view head-up display (HUD). Since the 
display area of any of these display devices displays information thereon by emitting some form of display light, if the 
display device is positioned within such a distance that the display light reaches a window glass or a show window, the 

15 displayed image is reflected more or less onto the window glass or show window and comes into the viewer s visual 
field- The phenomenon of such reflection also occurs on a window glass or a show window near which a signboard or 
the like is put up. 

In such cases, when light from the background of the window glass or illumination inside the show window is suffi- 
ciently strong, the refieciion hardly disrupts the viewer's view, but when the light from the background of the window 

2C glass or the illumination inside the show window is weak, or when the display light from the display device is very strong, 
the reflection on the window glass or the show window becomes pronounced and annoys the viewer, and m the case 
of vehicular applications, adversely affects the driving operation of the driver. 

Traditional methods to prevent such reflection have been to position the display device so that the display area does 
not face the window glass or the show window, to block the display light using a shade so that the display light does not 

25 fall on the wirxiow glass, to reduce the ambient light as well as the brightness of the display to reduce the intensity of 
the display light, and so on. For example, in a train or a bus running in the nighttime, in order that the panel faces such 
as instrument panels in the cab may not be reflected onto the windshield by the illummation from the passenger com- 
partment and be brought into the visual field of the operator or driver, a shade is provided around the cab to block the 
illumination from the passenger compartment from entering the cab. or the lighting in and around the cab is dimmed so 

3c that the panel faces such as instrument panels in the cab are not reflected by the lighting onto the windshield and 
brought into the visual f ieid of the operator or driver 

However, the methods employed to prevent the reflection on the window glass or the show window involve the fol- 
lowing problems. 

In the method that positions the display device so that the display area does not face the window glass or the show 

25 window, the position where the display device can be placed ts very limited, and particularly, if the display device is posi- 
tioned against the window glass, the display become very difficult to view when the outside light is bright, though it is 
easy to view when the outside light is weak. 

In the method that provides a shade on the display device, a very wide shade may become necessary depending 
on the positional ^elatlons^lp between the display device and the window glass or the show window, and often the use 

40 Of such a shade ts not permitted by space limitations or design considerations. 

In the method to reduce the ambient light and reduce the intensity of the display light, it becomes necessary to pro- 
tect the area around the display device from light as the display would become difficult to view if the light through the 
window glass or the show wirxiow is incident on the display device. The display becomes very difficult to view particu- 
larly when the outside light from the window glass or the show window is bright. 

45 Instrument panels in passenger cars are a typical example where reflections cause a serious problem. The instru- 
ment panel of a passenger car ts mounted in a recess in the dashboard, and the surrounding areas are painted black 
or dark color, to prevent the panel illumination from being reflected onto the windshield durmg night driving and to pre- 
vent outside light ^rom falling directly on the instrument panel during day driving. In such applications where the intensity 
of the ambient lignt varies greatly, the method of installing the display device is demanding and very limited in freedom. 

50 Furthermore, the display can be viewed from a specified position but cannot be viewed when the viewer s head is 
moved, if slightly, from the specified position. 

Liquid-crystal displays constructed with twisted nematic (TN) liquid crystals sandwiched between two substrates 
having transparent electrodes have been widely used The structure and the operating pnnciple of this type of liquid 
crystai display are shown n Figure 39. When the liquid crystal molecules on the surface of a substrate 390C are forced 

55 to align in one direction witfi their long axes arranged at 90° with respect to the liquid crystal molecules on the surface 
of a substrate 3901 on the opposite side, as shown in Figure 39(a) the liquid crystal molecules 3902 are arranged grad- 
ually changing their onentation and twisting through 90° between the substrates. A polarizing plate 3903 with its direc- 
tion of polarization irriicated by arrow "a" and a polarizing plate 3904 with its direction of polarization indicated by arrow 
"b" are attached to the outer surfaces of the substrates 3900 and 3901 , respectively When light is incident on this struc- 
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ture, DnI/ light /itrating in the same direction as the direction of polarization of tne potarizing plate 3903 is passed 
tfirough it, and follows the twisted structure of the liquid crystal molecules, the poianzat'on of the light thus beng rotated 
through 90' until reaching the pofanzing plate 3904 on the opposite side. Since the direction of polarization of the light 
now coincides with that of the oolarizing plate 3904, the light is passec through :t. 

5 On the other hand, when a voltage is appiiec between the eiectrodes on the substrates, as shown in Figure 39(b), 

the licuic crystal molecuies align themselves with their lone axis direction parallel to the direction of the resulting electric 
field, so that the light entering the liquid crystal layer is passed through it with the direction of oolanzation of the light 
remaining unchanged and reaches the polarizing plate 3904 on the opposite side where the light is blocked, creating a 
dark spot. An image or character is thus displayed by applying a \/oltage at a portion where the image or character is to 

TO be displayed. 

Figure 40 shows another type of liquid crystal dispiay which uses a inacromolecular dispersiOn-t>pe liquid crystal. 
In the macromotecular dispersion-type liquid crystal, the orientation of the liquid crystal molecules 4006 dispersed in 
the form of fine droplets in a macromoiecular matrix 4005 is changed by applying an electric field, and the resulting 
change of refractive index is utilized to produce a display 

/5 In the OFF state in which no voltage is applied, as shown in Figure 40(a), the optical axes of the liquid aystal mol- 

ecules 4006 are random, and the difference in refractive index between macromolecule and liquid crystal causes the 
entering light to scatter in many directions. 

On the other hand, when the voltage is applied, that is, in the ON state shown in Figure 40(b), the hquid aystal mol- 
ecules 4006 are aligned in the direction of the applied electric field, because refractive indices of macromoiecular and 

20 liquid crystal are substantially same so that the entering light is passed through without being scattered. That is. in the 
OFF state, the display is like frosted glass because of scattering light, and n the ON state, the display is like transparent 
glass In this way, by placing image or character portions in the OFF state and other portions in the ON state, an image 
or character is displayed on a transparent screen. 

However, the conventional twisted nematic liquid crystal display requires the use of two polarizing plates, as earlier 

25 described, and therefore, the light transmittance is 40 to 50% at most. This low transmittance is not suitable for forming 
an image on a transparent display screen, and it is difficult to dispiay an image or character in superimposed fashion on 
the background view. 

On the other hand, in the case of the macromotecular dispersion-type liquid crystal display which does not require 
the use of polarizing plates, the transmittance in the ON state is nearly 80 to 90%, which provides good transparency. 
30 However, when displaying patterns such as shown in Figure 41 , portions corresponding to the patterns to be displayed 
are placed in the OFF state to form scattered light images, while the other portions are placed in the ON state and thus 
made transparent, but since the wiring patterns for the display patterns placed m the OFF state also cause scattering 
of light, making the wiring patterns visible on the screen, visibility and transparency are impaired when the displayed 
images or characters are superimposed on the background view; this presents a problem particularly when displaying 
35 a plurality of patterns requiring an increased number of wiring patterns. 

Furthermore, when an AC voltage is applied between the electrodes, a slight amount of current flows as this sys- 
tem is a kind of capacitor. When displaying patterns such as shown in Figure 42, larger current flows through the wiring 
for the larger display pattern, and hence ia > ib. Voltage drops Va and \fb through the respective wiring patterns are 
expressed by Va = r*ia and Vb = r'lb Assuming the wiring patterns have the same resistance r, since la > ib, it follows 
40 that Va > Vb, which indicates that the voltage drop is larger for the larger tfisplay pattern. 

Figure 43 is a vottage-transmittance characteristic diagram for a typica* nr^cromolecular dispersion-type liquid crys- 
tal, plotting the transmittance as a function of the applied voltage. As desabed above, if the same voltage is applied to 
the respective display patterns from the drive circuit, the voltages actually applied to the respective liquid crystal por- 
tions are different This gives rise to the problem that variations are caused in the transparency of the screen and the 
45 transparent appearance is impaired. 

Furthermae, if the area sizes of the display patterns are the same, as shown in Figure 44, the resistance r is larger 
for the longer wiring pattern, which means a larger voltage drop. This also presents the problem that variations are 
caused in the transparency of the screen and the transoarent appearance is impaired. 

In view of the problems that have made it difficult to use the above -described prior art liquid crystal displays as 
sc transparent displays, it is an ooject of the present invention to provide a transparent liquid crystal display that can dis- 
play cnly images and characters that are to be displayed, on a transparent screen in superimposed fashion on the back- 
ground view, thereby proviaing good visibility 

For an automotive head-up display fHUD), a proiection method is generally used wherein a CRT or a transmission* 
type liquid crystal display for example, is used as the image source, and using optics consisting of a lens, mirror, and 
55 hologram, a display image or character produced on the image source is projected onto a combiner positioned in front 
of the driver's seat (or on the windshield) and displayed in superimposea lashion on a fonward view In this proiection 
method, the image source is separately mounted, and a prescribed light palh ts necessary for projecting the image. The 
resulting problem is that the system becomes large in size and requires large space for installation, for example, in the 
dashboard. 
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Furthermore, in recent automotive instrumentation, a comDinaticn instrumentation system is used that displays 
warning indications, etc as necessary in superimposed fashion on the ordinary speedometer and tachometer displays. 
Since this system uses the so-called virtual image display method, the system is complex, occupies large space for 
installation, and is expensive, which has been a major prcblem with this system. 

SUMMARY OF THE INVENTION 

In view of the above-outlined problems with the oner art, it is an object of the present invention to provide a back- 
lighting device for various kinds of display devices, that achieves excellent light utilization. 
'0 It IS another object of the invention to provide a color display device that eliminates the problem of color mixing and 
that is compact and efficient. 

It IS a further object of the invention to provide a color display device that does not cause reflections when posi- 
tioned near a window or windshield where the ambient light intensity varies greatly and that can constantly provide 
good visibility over a wide viewing angle 
15 It is a still further object of the invention to provide a head-up display, instrument, and rearview mirror that are com- 

pact in construction and require much smaller space for installation compared with the prior art construction. 

The present invention provides a backlighting device comprising a light guiding member with light source means 
disposed facing one edge thereof, wherein a substantially transparent layer having a higher refractive index than the 
light guiding member is formed on a light emergence surface of the light guiding member, on top of which a scattering 
2G layer is formed. Preferably the refractive index of the higher-refractive-index layer is 0.05 to 1 .50 greater than the refrac- 
tive index of the light guiding member. 

Also preferably, the scattering layer comprises a mixture of two or more kinds of materials that have different refrac- 
tive indices, are substantially transparent in the visible spectral region, and are present in a phase separated state; for 
example, the scattering layer comprises a mixture of two or more kinds of polymers that have different refractive indices 
25 and whose constituents are substantially transparent and are present in a phase separated state, or a mixture in which 
a high-refractive-index compound is present in a phase separated state within a low-refractive-index polymer 

Further preferably the light emergence surface of the light guiding member is sloped with a sloping angle of 87 
degrees or greater but not greater than 90 degrees. 

The invention also provides a color display device comprising: a light guiding member constructed with a pair of 
2c wedge-shaped light guiding plates bonded together, the bonded surfaces each serving as a reflecting surface; light 
sources of different colors, each disposed facing one edge of each of the light guiding plates; substantially transparent 
layers, each formed on a light emergence surface of each of the light guiding plates and having a higher refractive index 
than the light guiding member; and scattering layers each formed on top of each of the transparent layers. 

Using the light guiding member having the above-described structure, the backlighting device of the present inven- 
35 tion can achieve improved surface brightness compared with the prior art edge fighting-type backlighting device. The 
higher-refractive-index layer preferably has a refractive index 0.05 to T50 higher than the refractive index of the light 
guiding member itself, and may be formed from LaF3, NdF3, AloO^. CeF^' ^^^2^ ^qO, ThOo, Sn02, La203. InjOs, 
Nd203, SbpOs, Zr02, Ce02, Tt02. or ZnS, or from a complex with a prescribed composition. This layer can be easily 
formed using a conventional thin film deposition process. If the refractive index of the higher-refracttve-index layer is 
4C higher by T 5 or more than that of the light guiding member, colonng at a certain wavelength and a decrease in trans- 
parency may occur depending on the material used. 

For the scatterer, an ordinary paint or fluorescent paint may be used, but specifically the present invention uses a 
mixture of two or more kinds of polymers having different refractive indices, a mixture of a polyr^ier and a htgh-refractive- 
index compound, etc. The scatterer maybe formed uniformly throughout or may be cut in a prescnbed pattern (e g., a 
45 character, symbol, sign. etc.). 

For the light guiding material, any optically transparent material, such as a glass plate, an acrylic plate, a polycar- 
bonate plate, etc.. can be used. A suitable material should be selected according to the film deposition conditions. Fur- 
ther, the light guiding plate shape, such as parallel plates or wedge-shaped plates, can be used as desired according 
to the purpose. 

50 The present invention is primarily concerned with the utilization of the direct light emerging from the front surface, 

but it is apparent that the effectiveness can be further enhanced by using it in combination with the conventional edge 
light system having a reflective layer on the back surface. 

When no reflective layer is usee, the structure ts a transparent surface-area light source corresponding to the pat- 
tern of the scatterer. If the method of the invention is used on both sides of a light guiding plate, a double image can be 
55 presented, and a multi-color display is also p>ossible by using multiple light sources and switching the light source color. 

The effects of the invention having the above-described construction wit! be described below. 

When light is introduced from an edge of a single light guiding plate, such as an acrylic plate, the light undergoes 
total internal reflection at the critical angle of about 42"^, as previously described. In an optical fiber, the core material is 
surrounded with a lower-refractive-index material to ensure total internal reflection and eliminate losses during propa- 
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gation On the other hard, when a highei -[efractive-index material is applied cn the surface as m the cresen: invention, 
ttie total -eflection conamon is eased and the ligh: inside the light guiding plate penetrates into the high-refra:tive-index 
layer. Hcwever in theory, the hght entering this laye' propagates while urxiergo.ng total internal reflection at a smaller 
cs'itical angle a: the mterace with air and does not leak outside. In actuality, however, when a scatrerer is placed on the 
f s^J^1ace of this ayer, surface brightness increases compared with a structure where a scatterer iS placed directly on the 
light guiding plate Itself 

Though the following explanation does not impose any restrictions on the present invention, generally light is not 
perfectly reflected at total reflection surfaces out leakage occurs due :o a phenomenon called evanescent wave cou- 
pling, etc. To prevent this, in an optical fiber, a Icw-refractive-index layer e provided to confine the light deeply inside. 

^- By contrast, in the present invention, it is presumed that the brightness improves not only because the light reaches the 
outermost layer but because the leakage is promoted by thin film irregularities, etc. 

In this way, the present invention achieves efficient Jtilization of the direct light emerging rrom the front surface, and 
by using it in combination with the conventional backlighting method that uses a reflective layer, an excellent backlight- 
ing device with further improved brightness can be realized 

?5 Furthermore, by patterning the scattering layer, the structure of the invention can also be used as a transparent dis- 
play medium. 

The present invention also provides a color display device comprising: light guiding plates, disposed parallel to 
each other, for guiding a plurality of lights therethrough; a light scattering layer formed on a display side of each of the 
light guiding plates; a low-refractive- index layer formed between the light guiding plates and on the display side of the 
2c fight scattering layer; a color filter disposed on ore edge face of each of the light guiding plates; and a light source dis- 
posed near the color filter. 

In addition to the above structure, a layer having a higher refractive index than the light guiding plates is formed on 
top of and/or beneath the light scattering layer 

Preferably, the high -refractive- index layer is a transparent conductive layer, and the light scattering layer is con- 
25 structed with a macromolecular dispersion-type liquid crystal 

Also preferabiy, the iow-refractive-index layer is also formed on one side of the light guiding plate located at the far- 
thest end from the display side, the one side being opposite from the dispiay side. 

Further preferably, the color filters are of three kinds, R, G. and B, respectively 

Also preferably, the color filters are each constructed to be movable with respect to each light guiding plate, allowing 
30 seitection of a different color 

The present invention also provides a vehicular onboard color display apparatus comprising a color display device, 
a drive circuit for driving the color display device, and a signal generator for supplying the drive circuit with a signal con- 
cerning display contents, the color display device being positioned near a glass surface in such a manner as to allow 
an image displayed on the color display device to be viewed superimposed on an outside view seen through the glass 
35 suiiace. 

The invention also provides a vehicular onboard combination color display apparatus comprising a color display 
device in ccmbination with an instrument panel for displaying various conditions of a vehicle, and comprising a control 
section for controlling the color display device and the instrument panel, and an operation section for allowing a manual 
operation of displayed conditions on the color display device and the instrument panel. 

40 The invention also provides a color display operation panel comprising the above -described color display device in 
combination with a transparent touch panel switch, and compnsing a control section for controlling the transparent 
touch panel switch and the color display device; and a drive circuit for driving the control section. 

In this way. according to the present invention, display devices for decorative and various display uses can be 
adapted to produce images in desired colors with a wide variety of colors The color display device of the invention is 

^5 impact in construction and provides improved display efficiency. 

The present invention also provides a color display device which is positioned near a glass surface, such as a win- 
dow glass or a show window, and equipped with a polarizer, wherein when light emitted from the color display device is 
reflected at the glass surface and reaches a viewer viewing displayed information on the color display device, and when 
a pJane is determined by three points consisting of the color display device, a reflecting point cn the glass surface at 

5c wnich the light from the color display device is reflected, and the viewer, the polarizer has a polarization axis arranged 
n such a direction as tc block or absorb incident light (S wave) whose plane of vibration is perpendicular to the thus 
determined plane and which would otherwise be incident on the reflecting point 

The invention also provides a liquid crystal display device which is positioned near a glass surface such as a win- 
tow glass or a show window, and which includes a liquid crystal layer sandwiched between two polarizers mounted on 

S5 ioth sides thereof, wherein when light emitted from the liquid crystal display device is reflected at the glass surface and 
reaches a viewer viewing displayed information on the liquid crystal display device, and when a plane is determined by 
tiree points consisting of the liquid crystal display device, a reflecting point on the glass surface at which the light from 
tie liquid crystal display device is reflected, and the viewer, of the two polarizers mounted on the liquid crystal display 
aesnce the polarizer mounted on a display side has a polarization axis arranged in such a direction as to block or absorb 
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incident light (S wave) whcse plane of vibration is perpendicular to the thus determined plane and wnich would other- 
wise be incident on the refiecling point. 

The invention also provides a color display device positioned near a windcw glass in an autcmobile, vessel, tram 
car. or the like wherein a variable scattering layer capable of varying a light transmission state and scattering state or 

5 a variable absorption layer capable of varying a light transmission state and absorption state is sandwiched between a 
plurality of substrates, and an image, character, etc. are displayed by light transmission and scattering or absorption 
through the scattering layer or the absorption layer, and when ambient light incident on the window glass is strong, the 
scattering layer or the absorption layer is illuminated with the ambient iiqht to directly display ar imaqe, while when the 
ambient light is weak, the scattering layer or the absorption layer is illuminated with a lighting device, whereby tne color 

7c display device is positioned so that an angle of incidence at which display light from the color display device is incident 
on the window glass falls within a range where reflectivity of a P wave component of the display light is low, and a polar- 
izer tor blocking or abscrbmg an S wave component of the display light is mounted on the color display device 

Preferably, in the color display device, the polarizer is a variable polarizer that polarizes the display light emitted 
from the color display device and incident on the window glass in such a manner as to block or absorb the S wave com- 

75 ponent of the display light when the color display de\^ice is illuminated with the lighting device, but does not polarize the 
display light from the color display device when the color display device is not illuminated with the lighting device. 

Also preferably, the polarizer has the characteristic that, of the display light from the color display device, light 
vibrating in each plane containing the normal passing through the center of a display surface of the color display device 
is blocked or absorbed. 

20 The present invention also provides a color display device, positioned near a window glass in an automobile, ves- 
sel, train car, or the like, for allowing viewing of various images and display images of character information and the like 
in superimposed fashion on forward view information, comprising: a variable scattering layer sandwiched between a 
plurality of substrates and capable of varying a light transmission state and scattering state; a transmission-type liquid 
crystal display for displaying images characters, and the like by light transmission and scattering through the scattenng 
25 layer; a signal generator for supplying image and character signals to the transmission-type liquid crystal display: and 
a lighting device for illuminating the transmission-type liqiud crystal display; and wherein the transmission-type liquid 
crystal display includes a mechanism by which the transmission -type liquid crystal display can take a position for 
directly displaying images by illumination with ambient light entering through the window glass from outside the auto- 
mobile, i/essel. train car, or the like, and a position for displaying virtual images by reflecting, at the window glass, dis- 
30 play images formed by illuminating with the lighting device. 

Preferably in the color display device, the mechanism supports the transmission-type liquid crystal display on a 
supporter having a swinging mechanism, and the surface of the window glass is inclined with respect to a prescribed 
reference plane, wherein when the ambient light is strong, the transmission-type liquid crystal display is turned up at a 
desired angle with respect to the reference plane, and when the ambient light is weak, the transmission-type liquid crys- 
35 tal display is folded flat substantially parallel to the prescribed reference plane and the lighting device is turned on. 

Also preferably the transmission-type liquid crystal display comprises a macromolecular dispersion-type liquid 
crystal and a pair of transparent substrates with transparent electrodes formed thereon sandwiching the liquid crystal 
therebetween, and the lighting device is disposed facing one edge of the transparent substrate. 

Further preferably the lighting device has a polarizer which is positioned beneath the transmission-type liquid-crys- 
40 tai display when the transmission-type liquid crystal display is folded flat. 

In this way. according to the present invention, when a color display device, regardless of its type or variety is 
placed near a window glass or a show window, reflection of the display surface on the window glass or show window 
can be perfectly or substantially eliminated. Furthermore, with the transmission-type display device using a macromo- 
lecular dispersion-type liquid crystal, the invention offers distinct effectiveness in enhancing the transparency of trans- 
45 parent portions. 

Furthermore, in the color display device of the present invention, image and character portions to be displayed are 
placed in a scattered state and other portions placed in a transparent state, and when the ambient light is strong, 
images are displayed directly with the ambient light, while when the ambient light is weak, displayed images are 
reflected at the window glass in an automobile, vessel, train car or the like, using illuminating light from the lighting 
5C device, thereby forming virtual images for viewing. In this way display images can be presented in superimposed fash- 
ion on the outside view, with simple construction and without requiring large installation space 

Since ambient light is used when the ambient light is strong, there is no need to provide a large-power light source, 
and therefore, the invention provides the excellent advantage of saving power consumption and reducing heat genera- 
tion. 

55 The present invention also provides a liquid crystal display comprising two transparent substrates with transparent 
electrodes formed thereon and a liquid crystal layer sandwiched between the transparent suDStrates, wherein a display 
pattern portion where a prescribed voltage is applied becomes transparent and a display pattern portion where no volt- 
age is applied is in a scattered (opaque) state, the liquid crystal display being characterized by the inclusion of a display 
pattern portion and its wiring portion which are formed by the transparent electrode on at least either one of the trans- 
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parent sutatrales, an insulating iayer cover ng the transparent electrode at least m the wiring portion, and another trans- 
parent efert'oae formed on the insulating layer 

In theiiLud crystal aisplay of the invention, the line wicth of tne wiring portion is made thicker as the cisplay partem 
porticn inaeases in size 

Furthff. in the liquid crystal display of the nvention. the line width cf the wiring portion is made thicker as the wiring 
lengtti to tte dtsplay pattern portion increases. 

The pssent invention a!sc provides a head-up aisplay comprising a liquid crystal display positioned near a window 
gfass in araautomobiie. vessel, tram car, or the like, wherein, in the iquid crystal display, image and character portions 
to be disptiyed are placed in a scattered state and other portions placed n a transparent state, and images and char- 
acters areisp*ayed ;n superimposed fashion on a fonward view by illuminating the liquid crystal display with a lighting 
device. 

The mention also provides a combination instrument compnsing a transparent liquid crystal display placed in over- 
lad ta^ioton an instrument in an automcbile, vessel, train car, or the like, wherein normally the liquid crystal display 
istransparrot. allowing viewing of display information of the instrument, and when necessary, images and other infor- 
maticxi aresfeplayed on the transparent liquid crystal display for viewing in superimposed fashion. 

The in«ntion also provides a combination rearview mirror comprising a rearview mirror and a transparent liquid 
crystal disftey arranged in overlaid fashion. 

A.S described above, according to the present invention, since the liquid crystal display has a three-layered struc- 
tire considng of a transparent electrode deposited at least in the wiring portion, an insulating layer, and another trans- 
parent eieHfode, the wiring portion of the display pattern can be made transparent when the display pattern is placed 
in a scattend state (voltage OFF state) to display an image or character, and furthermore, the transparency of the dis- 
play screerris uniform. This provides good visibility and good transparent appearance when the display pattern is dis- 
played in siperinnposed fashion on the background view. 

FtJrthe^ s<nce the line width of the wiring portion is made thicker as the dtsplay pattern porticn increases in area 
size and as fie wiring length to the display pattern portion increases, substantially the same voltage is applied to the 
liquid crystiregardless of the area size or wiring length of the display pattern to be displayed. The liquid crystal display 
can thus prwide a display screen of uniform transparency 

Moreoier. by using the liquid crystal display of the invention, a head-up display of compact and simple construction 
car be reafeec. Further, if a navigation system is constructed using the liquid crystal display of the invention, the driver 
can obtain piiding information in a reliable manner without looking away from the road ahead, which greatly enhances 
safety in driang. 

The cortxnation instrument of the invention is compact and inexpensive in construction, while the combination 
rearview nniior of the invention can alert the driver as necessary during driving while retaining the function as a rear- 
view mirror. 

BRJEF DESCRIPTION OF THE DRAWINGS 

Fjgurelis a schematic diagram showing a side view of a backlighttng device according to a first embodiment of 
the presKTt invention in contrast to an comparative example; 

Figure 2 IS a schematic diagram showing a side view of a wedge-shaped backlighting device according to a second 
embodinerrt of the present invention; 

Figure lis a schematic diagram showing a side view of a backlighting device with a reflective film according to a 
third entjodiment of the present invention, 

Rgureris a schematic diagram showing a side view of a backlight display device comprising two wedge-shaped 
light gmSng plates according to a sixth embodiment of the present invention; 

Figure 5is a diagram showing the structure of a (static) color display device according to a seventh embodiment of 
the presenl invention; 

Rguref s a diagram snowing the structure of a (dynamic) color display device according to an eighth embodiment 
of the pesent invention; 

Figure Tis a diagram showing the structure of a (static) color display device according to a ninth embodiment of the 
presenlrjvention ; 

FfQurelis. a diagram illustrating a color filter moving method according to the ninth embodiment; 
Figure Is a diagram showing the structure of a vehicular onboard display apparatus according to a 10th embodi- 
ment oftte present invention; 

Figure t is a diagram showing examples of light guide module displays of the vehicular onboard display apparatus 
accordii) to the 10th embodiment; 

Rgure n is a diagram showing a display example of an instrument panel according to an 1 1th embodiment of the 
presenlfvention ; 

Figure C is a diagram showing the configuration of a combination color display apparatus according to the 1 1th 
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embodiment; 

Figure 1 3 is a diagram showing examples of light guide module displays of the combination color display apparatus 
according to the 1 1th embociment; 

Figure 14 is a diagram showing the constrjction of a color cisplay device adapted to a decorative transparent 
5 medium according to a 12th embodiment of the present invention, 

Figure 15 is a diagram showing the structure of an operation panel according to a 13th embodiment of the present 
invention; 

Figure 16 is a diagram for explaining the operation of the operation panel according to the 13th embodiment; 
Figure 17 is a diagram showing the structure of a istatic) color display device for comparison, 
w Figure 18 is a diagram showing the structure of a (dynamic) xior display device for comparison; 

Figure 19 is a perspective view showing the positional relationship between a display device, window glass, and 
viewer according to a 14th embodiment of the present inventcn; 

Figure 20 is a characteristic diagram showing the variation of reflectivity with the angle of incidence at air/glass 
plate interface, 

15 Figure 21 is a perspective view showing the positional relationship between a liquid crystal display, window glass, 

and viewer according to a 1 5th embodiment of the present invention, 

Figure 22 is a side view showing the positional relationship of a display device mounted directly below a windshield 
according to a 16th embodiment of the present invention; 

Figure 23(a) is a external perspective view of a display device according to a 1 7th embodiment of the present inven- 
20 tion, Figure 23(b) is a horizontal cross- sectional view of the display device, Figure 23(c) is a vertical cross-sectional 

view of the display device, Figure 23(d) is a diagram showing the arrangement of the polarization axis of a polarizer 
mounted on the display device, and Figure 23(e) is a diagrarr showing the arrangement of vibration planes light 
vibrating in which is blocked by the polarizer of the display de/ice; 

Figure 24 is a diagram showing the basic construction o1 a display device according to an 18th embodiment of the 
25 present invention; 

Figure 25 is an installation example ot the display device according to the 18th embodiment; 

Figure 26 is a schematic view showing the display device accading to the 18th embodiment; 

Figure 27 is a diagram showing the basic construction off a display device according to a 19th embodiment of the 

present invention; 

30 Figure 28 is a schematic view showing the display device according to the 19th embodiment; 

Figure 29 is a simplified schematic diagram showing the structure of a liquid crystal display according to a 20th 
embodiment of the present invention; 

Figure 30 is a diagram conceptually illustrating a method of transparent electrode formation in the liquid crystal dis- 
play according to the 20th embodiment 
35 Figure 31 is a diagram showing display patterns in a liquid oystal display according to a 21st embodiment of the 
present invention; 

Figure 32 is a diagram showing display patterns in a liqud crystal display according to a 22nd embodiment of the 
present invention; 

Figure 33 ts a diagram showing the basic construction ot a head-up display according to a 23rd embodiment of the 
^ present invention; 

Figure 34 is a schematic view showing the head-up display according to the 23rd embodiment; 

Figure 35 is a functional block diagram of a navigation system according to a 24th embodiment of the present 

invention; 

Figure 36 is a diagram showing an example of a screen display according to the 24th embodiment, 
45 Figure 37 is a schematic diagram of a combination instrument according to a 25th embodiment of the present 

invention; 

Figure 38 is a schematic view showing a combination rearview mirror according to a 26th embodiment of the 
present invention, 

Figure 39 is a diagram for explaining the operating principle dt a prior art liquid crystal display, 
so Figure 40 is a diagram for explaining the operating principle of a prior art liquid crystal display using a macromo- 

lecular disperston-type liquid crystal; 

Figure 41 is diagram showing display patterns in the prior art liquid crystal display; 
Figure 42 is diagram showing display patterns of different area sizes in the prior art liquid crystal display; 
Figure 43 ;S a voltage-transmittance characteristic diagram iora typical macromolecuiar dispersion-type liquid crys- 
55 tal; 

Figure 44 is diagram showing display patterns of different wire lengths in the prior art liquid crystal display; 
Figure 45 is a simplified schematic diagram showing the strxture of a liquid crystal display according to a 27th 
embodiment of the present invention; 

Figure 46 is a diagram showing one example of a method of making in the 27th embodiment; and 
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Figure 47 is a diagram showing another example cf a methcd of mak.ng in :he 27th embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments of the present mvention will be described below with reference to the accomparying 
drawings. In the embodiments hereinafter given, a glass ptate with a retractive index of 1 52 is used as a representative 
example of a light guding piate. 

[Embodiment 1) 

Figure 1 (a) is a diagram showing a prior art structure having no high-refractive-mdex layer on the surface of a light 
guiding plate, and Figure 1(b) is a cross-sectional view of a backlighting device used in a first embodiment, with a high- 
refractive-index layer provided as shown In Figure i, reference numeral 1 is a cold-cathode lamp of 3 mm diameter, 2 
is a reflecting mirror, 3 is a Ight guiding plate of 4 mm thickness, 4 is the high-refractive-index layer, and 5 is a scattering 
layer. The reflecting plate ueually attached on the reverse side was omitted in order to observe light from the front side 
only. Screen brightness was measured at a distance of 2 meters using Minolta's luminance meter LS-100. 

First, the high-refractive- index layer 4 was formed by sputtering Ti02 on the light guiding plate 3, and then white 
fluorescent ink usually used when printing dot patterns on the reflecting plate on the reverse side was applied to form 
the scattering layer 5. Measured results are shown m Table 1. Surface brightness of sample A was normalized as 1.0. 
As the results show, when tie high-refractive- index iayer 4 of Ti02 was formed on the light guiding plate 3, the surface 
brightness was improved from 1.0 to 1 1 compared with the structure where no such high-refractive-index layer was 
formed. 



[TABLE 1] 



SAMPLE 


SURFACE LAYER 


SCATTERER 


SURFACE BRIGHT- 
NESS 


A 


NONE 


WHITE FLUORESCENT INK 


1.0 


B 


Ti02 


WHITE FLUORESCENT INK 


1.1 



(Embodiment 2) 

Figure 2 shows a cross section of a backlighting device according to a second embodiment. Part (a) shows a struc- 
ture where no high-refractive-tndex layer is formed on the surface of the light guiding plate, and part (b) shows a struc- 
ture where a high-refractlve^ndex layer is formed. The light guiding plate 6 is wedge-shaped with its light emergence 
surface slightly sloped wrth a sloping angle of 89^ The high-refractive-index layer 4 was formed by evaporating and 
thermally oxidizing SnOo. As with the first embodiment, white fluorescent ink was used to form the scattering layer 5. 
Measured results are shown in Table 2. 

As the results show, when the emergence surface of the light guiding plate 6 was slightly sloped, the surface bright- 
ness was improved from 1 .Oto 1 .3 compared with the structure where the emergence surface was not sloped, further- 
more, when the high-refractfre-index layer 4 of Sn02 was formed on the light guiding plate 6, the surface brightness 
was further improved from t.3 to 1.45 compared with the structure where no such high-refraclive-index layer was 
formed. 



[TABLE 2] 



SAMPLE 


SURFACE LAYER 


SCATTERER 


SURFACE BRIGHT- 








NESS 


C 


NONE 


WHITE FLUORESCENT INK 


1.3 


D 


SnOo 


WHITE FLUORESCENT INK 


1 45 



From the geometrical shape of the illuminated face, it is preferable that the sloping angle of the emergence surface 
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of the Sght guiding plate 6 be set at 37 degrees or greater but not greater than 90 degrees. 
(Embodment 3) 

5 Figure 3 shows a cross section of a backlighting device according to a third embodiment. Reference numeral 7 is 

a reflective film. The high-refractive-mdex layer 4 was formed from InOx^'SnOy (iTO). The scattering layer 5 was formed 
by apptying a solution consisting of a mixture of polymethylmethacrylate (PMMA) and polystyrene (PS). Here, when a 
polymer having a low refractive index (PMMA, cellulose acetate, ooly^/inyl acetate, etc.) and a polymer having a rela- 
tively high refractive index (PS, polycarbonate, polyethylene terephthalate, pclyacrylonitrile-styrene copolymer, etc.) are 

10 selected and are formed into a film by phase-separating them tn a controlled manner, light is scattered because of the 
differerxe between their refractive indices, giving a cloudy or pearl-like luster. This is kncwn as the pearl effect. 

Tabie 3 shows the results of the measurements of surface brightness when the high-retractive-index layer was 
formed on the surface of the light guiding plate and when no such layer was formed for comparison. As the results show, 
when the high-refractive-index layer 4 was formed on the light guiding plate 3, the surlace brightness was improved 

15 from 1 .25 to 1 4 compared with the structure where no such high-refractive-index layer was formed. 



[TABLE 3] 



SAMPLE 


SURFACE LAYER 


SCATTERER 


SURFACE BRIGHT- 
NESS 


E 


NONE 


PMMA/PS 


1.25 


F 


ITO 


PMMA/PS 


1.4 



(EmbocJment 4) 

3c The same structure as that shown in the third embodiment was used, except that the scattering layer 5 was formed 
in the fotlowing manner Methyl methacrylate as a iow-refractive-index monomer and N-vinylcarbazole and vinyl ben- 
zoate as high-refractive-index monomers were mixed together, with diphenyl lodonium salt added as an initiator, and 
the mixture was applied onto the light guiding piate, on top of which a thin glass plate was placed through which UV 
radiation was applied. In this way, by mixing and polymerizing a Iow-refractive-index monomer and high-refractive-index 

35 monomer to form a polymer alloy in a phase-separated state, an efficient scatterer can be produced. 

Tabie 4 shows the results of the measurements of surface brightness when the high-refractive-index layer was 
formed by using ITO on the surface of the light guiding plate and when no such layer was formed for comparison. As 
the results show, when the high-refractive-index layer 4 was formed on the light guiding plate 3, the surface brightness 
was improved from 1.4 to 1.55 compared with the structure where no such high-refractive-index layer was formed. 



[TABLE 4] 



SAMPLE 


SURFACE LAYER 


SCATTERER 


SURFACEBRIGHT- 
NESS 


G 


NONE 


POLYMER ALLOY 


1.4 


H 


ITO 


POLYMER ALLOY 


1.55 



(Embodment 5) 

The same structure as that snown in the third embodiment was used, except that the scattering layer 5 was formed 
55 in the forlowtng manner. Trimethyiolpropanetriacrylate (TMP) was used as a iow-refractive-index monomer 4'-pentyl-4- 
cyanobiphenyl as a high-refractive-index compound, and benzyl methylketal as an initiator, and UV radiation was 
applied in the same manner as in the fourth embodiment, to obtain a scatterer. This scatterer has the structure in which 
the high-retractive- index compound is present in a phase separated state in the low-refractive-index polymer 

Tabte 5 shows the results of the measurements of surlace brightness when the high-refracttve-index layer was 
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formeci ty LSing ITC on the surface of the light guicing nlate and Ahen nc such layer was formed for ccmpansor. As 
the results shew, when the high-refractive-ndex layer 4 was formed on the light guiding p;ate 3 the surface ongntness 
was improved Trom 1.7 to 1.9 comparec with the structure where nc such nich-refractive-index ayer was formed. 



[TABLE 5] 



SAMPLE 


SURFACE LAYER 


SCATTERER 


SURFACE BRIGHT^ 
NPSS 


1 


NONE 


TWP^PCB 


1 7 


J 


ITO 


TMP/PCB 


1.9 



The scattering layers used in the foregoing third to fifth embodiments were each formed by mixing two or more 
kinds of transparent materials, each having a different refractive index and having nc absorption bands in the visible 
region, in a phase separated state. In this type of layer, light is scattered at phase interfaces because of the difference 
in refractive index, and since the layer itself has no light absorbing characteristics, it serves as an efficient scatterer. 

(Embodiment 6) 

in the structure of the fourth embodiment, if the scatterer is formed in a desired pattern, the scatterer itself can be 
used as a display medium. Figure 4 shows one such example, wherein reference numerals 8 and 1 7 are light sources. 
8 being red and 1 7 blue for example. Wedge-shaped light guiding plates 10 and 1 1 are bonded together in the center 
with a transparent adhesive 12. Reference numerals 13 and 15 are htgh-refractive-index layers, and 14 and 16arepat- 
ternea' scanering layers. When the light sources 8 and 17 are turned on. light entenng the respective light guiding plates 
10 and 1 1 IS reflected at their interface where the refractive index is slightly different between the matena! of the light 
guiding plates 10.11 and the adhesive layer 12. the reflected light enters the respective surface layers together with the 
direct lignt and is scattered in the respective scattenng layers 14 and 16. By suitably selecting the incident direction of 
light, the wedge angle, and the material of the adhesive layer 12, the red and blue colors do not mix together and can 
be scattered only through the respective scatterers: when the display is viewed from one direction toward the display 
surface, the patterns are seen displayed in two colors, while portions where the patterns overlap appear purple, thus 
producing a three-color display 

(Embodiment 7) 

Figure 17 shows a structure in which a light guide module is constructed by forming a tight scattering layer on a 
light guiding plate with a high-refractive-tndex layer sandwiched between them in accordance with the foregoing embod- 
iments and by bonding two such light guide modules together, to achieve color display capability. In Figure 1 7, reference 
numeral 1 is a light source^ 2 is a reflecting plate, 1 703 and 1 704 are color filters, 1 705 and 1 708 are light scattering 
layers, and 1 706 and 1 709 are high-refractive-index layers formed to improve the introduction of light into the respective 
light scattering layers. Further, 1707 and 1710 are light guiding plates. However, since coior mixing occurs, as will be 
described later, further improvements are made to the above structure in the present embodiment. 

Figure 5 shows a structure with two light guide modules bonded together in accordance with the present invention. 
In Figure 5 reference numeral 511 shows a low-refraclive-index layer In this structure, since 510 is in contact with an 
air layer at its endmost surface, the !ow-refractive-index layer to be formed on its outside surface is omitted. 

A fluorescent lamp, cold-cathode lamp, halogen lamp. LED, or the like is used as the light source 1 . The light scat- 
tering layers 505 and 508 are each forrned using an ordinary paint, fluorescent ink, or from a material such as a system 
consisting cf two or more kinds of dispersing substances having different refractive indices. The htgh-refractive-mdex 
layers 5C6 and 509 are formed from LaF3. NdF3. AI2O3, CeF3, PbP,, MgO, ThOo, SnCs, La203, ln.03, Nd203, Sb.03, 
ZrOo, Ce02, Ti02, or 2nS. or from aconplex of substances selected from these substances; that is, any material may 
be used as ,ong as the refractive index s higher by 0.05 to 1 50 than the refractive index of the light guiding plate itself 
The low-refracttve-index layer can be formed from any matenal. such as CaFs. Nap KiF, MgFn, etc , that has a refractive 
index lower than that of the lignt guiding plate itself. The light guiding plate is usually constructed from a glass plate or 
a transparent plastic plate, such as a plate made of an acrylic resin, that has a refractive index of around 1.5. 

Ught from the light source 1 entemg the light guiding plates 507 and 510 through the color filters 503 and 504, 
propagates through the light guiding plates and is scattered m the respective light scattering layers 505 and 508. Since 
the light scattering layers 505 and 508 are formed in prescribed patterns, scattered ligh: images colored through the 
respective color fitters are obtained. On the other hand, in the case of the structure shown in Figure 1 7. the lignt intro- 



12 




EP 0 778 440 A2 

duced through the color filter 503 is scattered not only in the light scattering layer 505 but also in the light scattering 
layer 508. The light scattering layer 508 thus scatters both lights passed through the color filters 503 and 504, resulting 
in color mixing. 

By contrast, in the case of the present embodiment shown in Figure 5, the tignt introduced through the color filter 
503 IS passed through the high-refractive-index layer 506 and enters the light scattering layer 505 where the light is 
scattered to form an image. Because of the presence of the low-refractive-index layer 51 1 between the light scattering 
layer 508 and the light guiding plate 507, the light entering the light guiding olate 507 undergoes total reflection at the 
interface witti the low-refractive-index layer and does not emerge into the light scattering layer 508 Here, the lignt 
passed through the transparent portions of the light scattering layer 505 is totally reflected back at the boundary to the 
Qutside since the outside is an air layer of low refractive index, and therefore, the light does not emerge directly into the 
outside. Accordingly, the light introduced into the light guiding plate 507 through the color filter 503 is used only tor scat- 
tering in the light scattering layer 505. 

On the other hand, the light entering the light guiding plate 510 through the color filter 504 is passed through the 
high-refractive-irMjex layer 509 and enters the light scattering layer 508 to form an image by the preformed pattern The 
light scattered in scattering portions 508a of the light scattering layer 508 is not reflected by the low-refractive-index 
layer 51 1 but is passed through the light guiding plate 50^, the high-refractive-index layer 506, and the light scattering 
layer 505, arxl emerges outside. At this time, if there is light leakage through transparent portions 508b of the patterned 
light scattering layer 508. such light is reflected back by the low-refractive-index layer 51 1 and does not emerge into the 
light guiding plate 507. 

In this v«y. in the color display device of the present embodiment, light emitted from the light source 1 is color-sep- 
arated by the differently colored color filters 503 and 504, and the colored lights enter the respective light guiding plates 
507 and 510 and are scattered only in the respective light scattering layers 505 and 508 without interfering with each 
other, to form respective color images. Each of these scattered light images, when seen from the viewer, is viewed as 
a so-called self-light-emitting image; therefore, those portions of the images which are independent of each other are 
displayed inthe colors corresponding to the respective color fitters 503 and 504, and portions where the images overlap 
are displayed in a color produced by mixing the two colors. When three such light guide modules are used in conjunc- 
tion with R. G. and B color filters, an image of any desired color can be obtained by suitably overlapping the scattered 
light images of the respective colors. The light guiding plate 510 located at the farthest end from the display side may 
also be provided with a low-refractive-index layer 511 on the side thereof opposite from the display side. 

(Embodimer* 8) 

Next, an embodiment will be described in which the color display device of the invention is adapted to a dynamic 
display. Figure 18 is a diagram showing two liquid crystal panels bonded together, each panel being identical in con- 
struction to the prior artmacromolecular dispersion-type liquid crystal pane! except that the reflecting plate or absorbing 
plate on the rear side is removed. In the figure, reference numerals 1 81 2 and 1 81 7 are transparent substrates of glass 
or the like, and 1813, 1815. 1818, and 1820 are transparent electrodes made, for example, of ilO. which also serve as 
high-refractive-index layers because their refractive inaex is higher than that of the substrates. Further. 1814 and 1819 
are macronnolecular dispersion -type liquid crystal layers, and 1816 and 1821 are transparent substrates of glass or the 
like, which aiso serve as light guiding plates. The liquid crystals are electrically driven (drive circuitry is not shown here). 

When a voltage is applied between the transparent electrodes, for example, the macromolecular dispersion-type 
liquid crystals become transparent, and when the voltage is off, they scatter light. Images and symbols can thus be dis- 
played. 

Figure 6 shows a dynamic color display device according to the present invention. In the figure, reference numeral 
622 is a low-refractive-i/Kiex layer according to the present invention. In the present invention, the glass substrate 1817 
IS not needed. 

In Figure 1 8, light from the light source 1 is color-separated by the color filters 1 803 and 1 804. and the colored lights 
enter the respective ligirt guiding plates 1816 and 1821 and are propagated through them. The propagated lights are 
passed through the ITO layers 1815 and 1820 and enter the liquid crystal layers 1814 and 1819 where scattered por- 
tions are displayed as colored images. However, the light entering the light guiaing plate 1815 is passed through 181 7 
and 1818 art scattered also in the liquid crystal layer 1819 Accordingly scattering portions in the liquid crystal layer 
1819 scatterthe two ligMs colored through the respective color filters 1803 and 1804. thus causing color mixing 

By contrast, in the display device of the present invention shown in Figure 5, light introduced through a color filter 
603 is passed through an ITC layer 615 of high refractive index and enters a liquid crystal scattering layer 614 where 
the light is scattered in a pattern corresponding to an electrical signal, thus forming an image. Because of the presence 
of the low-reJractive-index layer 622 between a liquid crystal scattering layer 619 and a light guiding plate 6 '6, the light 
entenng the fight guiding plate 616 undergoes total reflection at the interface with the low-refractive-index layer and 
does not emerge into the liquid crystal scattering layer 619. Accordingly the light introduced into the light guiding plate 
616 through tie color filter 603 is scattered only in the liquid crystal scattering layer 614. 
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Cn tne other hand, ight entering a igrt g-jiding plate 62i through a color fiiter 504 is passed tnrough an TO layer 
620 of hign -efractive maex and enters the liquid crystal scattering layer 6 1 9 tc form an image of the pattern coir espond- 
ing to the aopi.ed e!ectr:cai signal At this time, if there is lignt leakage through transoarent pcrtions of the patterned 
liquid crystal scattering layer 61 9, such light is reflected back by tne !ow-retractive-index layer 622 and does ret emerge 
5 into the light guiding olaie 616 

In this way. in the color disolay device of the present embodiment, light emitted from the light source 1 is coior-sep- 
aratec by the differently colored color filters 603 and 604, and the colored lights enter the respective light guiding plates 
and are scattered only in the respective liquid crystal scattering layers without interfering with each other to rnrm 
respective color images. Each of these scattered light mages, when seen from the viewer, is viewed as a so-called self- 
■ light-emitting image; therefore, those portions of the images which are independent of each other are displayed in the 
colors corresponding to the respective color filters 603 and 604, and portions wnere the images overlap are displayed 
in a color produced by mixing the two colors. When three such light guide modules are used in conjunction with R, G, 
and B color filters, an image of any desired color can be obtained by suitably overlapping the scattered light images of 
the respective colors 

(Embodiment 9) 

Next, an embodiment will be described in which the color display device of the invention is adapted for use as a 
signpost Three light gude modules are prepared, each constructed with an acrylic plate that has a scattering pattern 

20 written with white ink as shown in Figure 7. Module (a) has a green color filter, module (b) a blue color filter, and module 
(c) a red color filter. These modules are integrated into one unit. The result is the color display device (d) embodying the 
present invention. In Figure 7(d), reference numeral 723 rs the color display device constructed from the light guide 
modules, and 724 is a background plate which, in this case, is colored black. The light source 1 is a white-light fluores- 
cent lamp When the fluorescent lamp is turned on, the road pattern written in white on the signpost appears floating in 

25 space against the black background, with directional arrow displayed in green, direction pointing arrow in blue, and N 
direction in red. 

Each color filter can be constructed to be detachable and movable. This can be accomplished by constructing each 
filter 825 with a guide 826 that holds it in place, as shown in Figure 8{a). Desired color filters can thus be selected and 
replaced so that the same image pattern can be displayed in various combinations of colors. Further, if an RGB three- 
3c color fitter tape 825' is used that is movable by rollers 827 to 830, as shown in Figure 8(b). filter color selection is made 
easier. By adopting this fitter tape system for each light guide module 723, a colored image can be displayed easily with 
a very wide range of color combinations. The method of moving the color filter tape is not limited to the illustrated one; 
rather, it is apparent that various types of moving means can be used. 

35 (Embodiment 10) 

Next, an embodiment will be described in which the color display device of the invention is adapted for use in a 
vehicular onboard display apparatus. Figure 9 shows an example in which the color display device of the invention is 
installed on a automobile dashboard 933. The display device itself is the same as that described in the eighth embodi- 

40 ment, and uses three color filters of R, G, and B. In the figure, reference numeral 931 is the color display device of the 
invention, and 934 indicates a place where liquid crystal driving circuitry is accommodated. This display device is con- 
nected to a navigation system via a harness (not shown), and is driven by signals from the navigation system. Since 
this color display device uses macromolecular dispersion-type liquid crystal, an image is displayed in the form of a scat- 
tered light image on a transparent screen. Since portions other than the displayed image portions are transparent, this 

45 allows viewing of the displayed image superimposed on the outside view seen through the windshield 932, so that the 
driver need not look away from the road ahead when viewing the image. 

Figure 10 shows display examples Part (a) is a display of automobile speed which is disolayed, for example, in 
green. In this light gi^ide module, three-digit numbers are produced by transparent electrodes patterned in the form of 
segments, and "km/h" is displayed from different patterns "k /h" and "m". Part (bi shows an intersection guide mode, in 

50 which distance is displayed in green using the same patterns that are used in (a). In this second light guide module, 
"AHEAD" and an arrow are farmed as patterns Therefore. "AHEAD" and the arrow are displayed, for example, m blue. 
Part (c) shows a display when an warning indication is produced using, m this case, the third light guide module A warn- 
ing "DISABLED VEHICLE AHEAD" is displayed, for example, in red alongside the green speed display 

These displays can be accomplished either by segment display or by dot display The vehicular onboard color dis- 

55 play apparatus of the invention is compact, thin, and transparent, and can be installed in a convenient oositicn in an 
automobile. The display device can be attached to the wndshield or built into the wincshield glass 

The vehicular onboard color display apparatus of the present invention is not limited to the example shown in this 
embodiment, but the vehicular onboard color display apparatus can oe constructed m any suitable configuration as long 
as it comprises the color display device of the present invention, drive circuitry and a signal generator such as a navi- 
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gation s/stem, and is capable of allowing viewing oi displayed images superimposed on the outside view. 
(Embodiment 11) 

f Next, an embodiment a/iII be described in wnich the present invention is combined with an automotive instrument 

panel Figure 1 1 shows an example of a conventional analog display instrument panel Various kinds of meters and indi- 
cators are arranged, of which these that the driver are constantly looking at are the speedometer and tachometer The 
other meters and indicators need only be displayed when necessary. Further, if some kind of information in the event of 
an emergency or information, for example, on traffic congestion can be displayed superimposed on the instrument 

10 panel only when necessary, this will be preferable since this can alleviate the burden imposed on the driver when look- 
ing at the displays. Tnerefore, of the instrument panel displays shown in Figure T 1 , the speedometer, tachometer, direc- 
tional arrows tor turn signal indications, and AJJ shift position indicator are left as the basic displays, and all other 
displays and indicators are omitted. 

The present embodiment uses the same kind of color display device as that used in the invention shown in the 1 0th 

!5 embodiment, and mounts it in overlaying fashion on the instrument panel, as shown in Figure 12. The light guide mod- 
ules used are shown m Figure 13: for example, as shown in Figure 13(a), a fuel gauge and a water temperature gauge 
are patterned in the green panel; a fuel irxiicating needle and a water temperature indicating needle are patterned in 
the blue panel, as shown in part (b); and a fuel empty indicator E, an overheat indicator H, and various warning indica- 
tors can be displayed in red, as shown in part (c), along with an information display (dot or character display) in the 

2C center. This combination color display apparatus constituting the combination instrument panel is constructed by over- 
laying the color display device 236 of the present invention on the conventional instrument panel 235, and information 
from various sensors 237. external information 238 or internal information, and navigational information 239 are sup- 
plied directly or through a suitable controller 240 ,as shown in Figure 12. Usually, these operations are controlled auto- 
matically, but can also be controlled manually via an operation panel 241 

25 Dunng driving, when the display is not necessary the entire display area is in a transparent mode, and only the 
speedometer, tacnometer. etc. are visible. When the engine is started, water temperature is displayed with the blue 
needle on the green water temperature display panel, and when the temperature reaches a predetermined value, the 
display is blacked out. Similarly, the fuel gauge is displayed on the green display panel with its blue needle indicating 
the amount of remaining fuel, and the display is blacked out after a predetermined time. If the driver wants to check the 

3C indication, he can operate the operation panel 241 (for example, switch ON) to turn on the display. In the event of an 
engine overheat, the water temperature gauge is again displayed, with the red overheat indicator H supenmposed on 
it; similarly, when the fuel becomes low, the fuel gauge is displayed along with the red indicator E. The various other 
warning indicators are illuminated in red when necessary. Some kind of information, such as traffic information or emer- 
gency information, is displayed in red on the large display area in the center, in superimposed fashion on the underlying 

25 instrument panel displays. In this way. the present invention can provide an excellent on-demand type combination color 
display apparatus that is capable of displaying necessary information only when necessary in superimposed fashion on 
the instrument panel information. 

(Embodiment 12) 

40 

Next, an embodiment will be described in which the present invention is applied for use in a decorative transparent 
display medium. An example is shown below in which the color display device of the present invention is adapted for 
use in a store's show window or the like, for example, as shown in Figure 14. In the figure, reference numeral 1 is a Itgnt 
source, 2 is a reflecting plate. 442 is a color filter attached to each light guide module, and 443 is a panel constructed 

45 by combining three light guide modules made of glass. 

The color display device used here is of the same type as that used in the 10th embodiment, except that the size 
and display contents are different. When the size is substantially large, it is preferable that the light source, reflecting 
plate, and color filters be arranged on each side of the light guide module panel. Further, in applications where the dis- 
play IS not produced over the entire panel surface, transparent electrodes and macromolecular dispersion-type liquid 

so crystals may be arranged only in necessary areas, leaving other areas as glass only 

As in the 10th embodiment, the color display device of the present embodiment is constructed together with drive 
circuitry for driving the display device and a signal generator for supplying drive signals (not shown). When patterns, 
dots, etc corresponding to R, G, and B colors are formed using transparent electrodes on the light guide modules to 
which the color filters of R, G. and B are respectively attached, various images and characters are displayed, floating 

55 on the seemingly transparent glass, when the display device is driven. Since merchandize displayed inside the show 
window can be seen through the transparent portions an excellent display effect can be obtained. The effect can be 
further enhanced by using in combnation the movable filters described in the ninth embodiment in accordance with the 
display contents. 

The application of the present errt)odiment is not limited to the store show wincow described above; rather, the 
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present embociment can be usee [n a wide variety cf decorative transparent dispia/ aophcatiors. sucn as a stage set- 
ting, advertisement media on tram windows, etc 

(Embodiment i3) 

Next, an embodiment will be described in which the color display device is adapted :o an operation panel Figure 
15 IS a diagram sncwing a cross-sectional structure of the operation pane* according to this embodiment. In the figure, 
reference numeral 1 is a light source, 2 is a reflecting plate, 153 and 154 are color fitters, and 144 and 145 are light 
guide modules of the same kind as those used in the 10th embodiment Further, 146 is a transparent touch panel which 
-0 is constructed, for example, from a pair of films, each having a transparent conductive layer, bonded together facing 
each other with a prescribed spacing provided between them; 147 is a background plate which is installed when nec- 
essary and which is, for example, a colored hght-absorbing plate; and 148 is a control circuit which outputs signals to a 
drive circuit 149 for driving the color display device, to an operation system, and to other operation panels in response 
to the operation made on the touch panel 146 The touch panel 146 is connected to the drive circuit 149 via the control 
« circuit 148. As the touch panel 146 is pressed, the prescribed display contents change sequentially. 

Next, an operational example of a construction using a plurality of such operation panels will be described with ref- 
erence to Figure 16. Figure 16 is a diagram showing a cluster of operation panels as viewed from the front An operation 
panel 350 is, for example, a mode setting operation panel. As the panel is pressed, the display changes sequentially, 
for example, from A to B to C, and so on (these may be numeric or alphabetic), each being produced in the form of a 
s scattered light image colored through a color filter and displayed superimposed on the background plate. An operation 
panel 351 is set in the mode specified by a signal from the operation panel 350, and displays, for example, temperature 
setting. When the operation panel 351 is pressed, up and down an-ows are displayed on operation panels 352 and 353. 
When the operation panel 352 is pressed, the display on the operation panel 351 changes to a temperature indicator, 
and the temperature set value changes upward as this panel is pressed (in the figure, both the temperature indicator 
3 and the letters "TEMPERATURE SETTING" are shown, but actually the letters "TEMPERATURE SETTING" go off 
when the temperature indicator comes on) The operation panel 353 is used to lower the temperature setting. 

When the operation panel 350 is pressed again, the mode changes, for example, to time setting mode, and "TIM - 
^NG SETTING" is displayed on the operation panel 351 . When the operation panel 351 is pressed, the operation panel 
352 displays "HOURS" and the operation panel 353 displays "MINUTES". When the operation panel 352 is pressed, 
3 the operation panel 351 displays "*'HOURS ^'MINUTES", and the HOURS setting changes as this panel is pressed (at 
this time, the display "TIME SETTING" goes out). Ukewise, when the operation panel 353 is pressed, the MINUTES 
setting changes. 

Needless 1o say, various methods may be employed to tmplennent these display modes by those who carry out the 
present invention, and it will be easily recognized that various improvements are also possible. 
^ As described above, the operation panel of the present embcxjiment can present a display simultaneously with a 

switch operation, while permitting the display to be changed with a certain degree of freedom. This achieves the oper- 
ation oanel that is easy to understand and easy to operate with a reduced number of switches. In the present embodi- 
ment, two light guide modules are shown m Figure 15, but it will be appreciated that a suitable number of modules can 
t)e used according to the purpose. 

4i 

(Embodiment 14) 

Figure 19 shows how a self-luminous display device, such as a CRT positioned near a window glass is reflected 
onto the window glass. In Figure 19, reference numeral 1901 is a display surface of the display device, 1902 is thewin- 
-/i dow glass, and 1 903 is a viewer looking out the window. Display light 1904 emitted from point A on the display surface 
1 901 is reflected at point B on the window glass 1 902. When its reflected light 1 905 reaches the viewer 1 903, the viewer 
1 903 views a reflection of the display surface 1901 on the window glass 1902. Here, 1 907 indicates the incidence plane 
of the display light 1904 emitted from point A, Ncn-reflected components of the display light 1904 are radiated outside 
the window. Since the display light of the display device is natural light, it contains P wave component and S wave com- 
si ponent in approximately equal proportions. 

Reflections of the P wave and S wave components are as shown m Figure 20 That is, the reflectivity of each of the 
P wave and S wave components incident on the surface of glass of refractive inaex of 1 52 vanes greatly depending on 
me angle of incidence fl^, the reflectivity rapidly dropping as the angle of incidence fti decreases below 90° The droo 
of reflectivity in the region of the angle of incidence 0^ ^ 90° is steeper particularly for the P wave component than for 
SB ttie S wave component, and the reflectivity of the P wave component becomes very small. At 0^ = 56.7°. the reflectivity 
of the P wave component becomes 0. and the reflected light consists only of the S wave component. This is known as 
the Brewster angle (Principles of Optics 1, M.born E. Wolf). 

Let us consider here the positional relationship between the display , the window glass or show window and 
viewer's eyes , that can occur in an actual situation. The angle of mcicence of tne display light 1904 at the window 
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glass 1S02 becomes close to 90'- when the display surface 1901 is on or ver/ near the window glass 1902 or when the 
display surface 1901 is positioned on an extended line of the surface of the window glass 1902 and spaced away from 
the window glass 1902; this condition can occur only for the light incident nearly parallel to the surface of the window 
glass 1S02 Tc view the ref'ected light of such incident light, the viewer 1903 would have to put his face against the win- 

5 dow glass anc direct his line of sight in parallel to the window glass 1902. it is therefore unthinkable that the reflected 
light of the light incident at an angle close to 90" will reach the eyes of the viewer ■;903 looking out the window. There- 
fore, the angle of incidence h. of the display light 1904 that reaches the eyes o* the viewer 1 903 at least satisfies ^ 
75" At 5 75". the amount of the reflected light of the P wave component is very smalL as described above, and the 
S wave component becomes dominant. 

ic Accordingly, in the present invention, when a polarizer 1909 with its plane arranged in the direction that blocks or 
absorbs the S wave component of the display light 1904 was mounted on the front of the display surface 1901 of the 
display device, the reflection of the display surface 1901 on the window glass 1902 was completely or substantially elim- 
inated. Though the brigntness of the display light was reduced by the presence of the polarizer 1909. a condition that 
minimizes the reflection and permits good viewing of the display was achieved by suitably selecting tne display bright- 

75 ness 

(Embodiment 15) 

Figure 21 shows how a conventional liquid crystal display, such as a TN or STN/TFT type, is reflected onto a win- 
20 dow glass or a show window. Figure 21 is the same as Figure 19, except that the self-luminous display device is 
replaced by a liquid crystal display. Usually, the liquid crystal display is constructed with a liquid crystal cell sandwiched 
between a pair of polarizers with their polarization axes anranged at right angles to each other As a result, display light 
emerging from the liquid crystal display is linearly polarized. As described in the 14th embodiment, the reflectivity of the 
P wave component at the surface of the window glass 21 02 is very low. Accordingly, when the polarization axes of the 
25 polarizers are arranged so that the display light emerging through the polarizer (analyzer) on the display side of the liq- 
uid crystal display 21 1 1 consists of the P wave component, reflections on the window glass 2102 or show window of 
images displayed on the liquid crystal display 21 1 1 can be completely or substantially eliminated. 

(Embodiment 16) 

30 

Figure 22 shows a liquid crystal display 2229 mounted on a dashboard 2227 directly below a windshield 2220 The 
liquid crystal display 2229 consists of two glass suDstrates 2221 and 2223, each having a transparent electrode (not 
shown) on one surface, and a macromolecular dispersion-type liquid crystal 2222 sandwiched between them. The 
transparent electrodes provided on the glass substrates 2221 and 2223 are patterned in the form of display segments, 

35 and an AC voltage can be applied for each individual display segment By the application of an AC voltage higher than 
the threshold, the macromolecular dispersion-type liqukd crystal 2222 becomes transparent; therefore, when the volt- 
age is applied to the segments of the glass substrates 2221 and 2223 other ^han the segments to be displayed, cloudy 
images are displayed on the transparent glass substrates. These cloudy images are formed by the ambient light around 
the liquid crystal display 2229 entenng the macromoleajlar dispersion-type liquid crystal 2222 and scattered through 

40 the display segments. 

Therefore, in the nighttime or in a tunnel where the ambient light is dark, display image contrast decreases and the 
images become difficult to see, in which case the liquid crystal display 2229 must be illuminated with a lighting device 
2225. At this time, display light 2230 and illumination tight 2226 are incident on reflecting point E on the windshield 2220 
at an angle of incidence 0^, and a reflection occurs with reflected light 2231 reaching the eyes of a viewer 2228 The 

45 reflection is particularly pronounced at night or in a tunnel because the external light entering through the windshield 
2220 is weak. Here, when we consider the reflection of the display light 2230 at the windshield 2220, if the angle of inci- 
dence Oi is equal to the Brewster angle the reflected light 2231 from the reflecting point E will consist only of the S wave 
component, as described in connection with the 14th embodiment. The condition for the angle of incidence to 
become equal to the Brewster angle is when tan 0 ^ = n is satisfied, where n = n ^/n ^ where n^ is the refractive index 

50 of air and ng is the refractive index of the windshield 2220. Therefore, when the liquid crystal display 2229 is mounted 
at such a position that the angle of incidence 0^ becomes nearly equal to the Brewster angle, the reflected light 2231 
consists mostly of the S wave component 

Accordingly, by mounting on the display surface of the liquid crystal display 2229 a polarizer 2224 with its plane 
arranged in a direction that absorbs or blocks the S wave component of the reflected light 2230. the reflected light 2231 

55 is eliminated and the reflection problem is resolved. 

On the other hand, information on the external v»ew outside the windshield 2220 is natural light, and the light scat- 
tered in the macromolecular dispersion-type liquid crystal 2222 in the portion of the display segments is also natural 
light; therefore, both lights contain the P wave and S wave components in approximately equal proportions As a result, 
the viewer 2228 can easily see the external view infornnation as well as the displayed contents. 
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M(i>nting the Dolanzer 2224 of the invention on the disolay surface of the liquid :rystai display 2229 not only serves 
to pre\«ntttie reflection, bu: provides the fcnowing excellent elect That is. the transparency of the transparent portions 
of the nacromolecular dispersion-type liquid crystal 2222 other tha trie dtsolay segments drastically improves com- 
parec wth the arrangement without the polarizer 2224 

5 ThRjgh the foflowing explanation does not impose any restrictions on the present invention, the above effect can 

be exptffTed as follows. 

Sirre there are liquid crystal molecules in the transparent oortions of the macromolecular dispersion-type liquid 
crystal 2222. the transparent Dorticns are not oerfectly transoarent but a slight amount of light sc;^ttprtnn occi;rs The 
scatters light passes through the interface between the macromolecular dispersion-type liquid crystal 2222 and the 
glass substrate 2223 and through the interface between the giass substrate 2223 and the polarizer 2224 before emerg- 
ing fronttre display surface. Since the scattered light from the transparent portions is also polanzed. the scattered light 
IS bioclfld or aosorbed by the polarizer 2224. presumably contriDuting to the drastic improvement of the transparency 
of the tcnsparent portions. 

Thepresent embodiment has been described as using a transmission-type liquid crystal display of the type that 
!5 displaysmformation by transmitting or scattering external light, but it will be recognized that also in the case of a trans- 
missior>type display of the type that displays information by transmitting or absorbing external light by using, for exam- 
ple, the^est-host effect, reflections on the windshield can be prevented, as with the transmission and scattering type. 

Furtiermore, in the present embodiment, the polarizer for blocking or absorbing the S wave component of the dis- 
play hgtt has been permanently mounted Instead, by mounting a polarizer of the type that blocks or absorbs the S 
20 wave conponent of the display light only when the liquid crystal display is illuminated with the lighting device and that 
does nU poiarize light when it is illuminated only with ambient light, the utilization of the display light can be further 
enhanad. providing oetter visibility of the contents displayed on the liquid crystal display. Such a variable polarizer can 
be accomplished, for example, by a film-like polarizing filter wound in roll form which is drawn to cover or expose the 
display ftirfacG like a roller curtain in an interlocking fashion with the ON or OFF operation of the lighting device 

25 

{Embodfnent 17) 

In tte second half of the description of the 16th embodiment, an explanation has been given of how the transpar- 
ency of fee transparent portions improves for the liquid crystal disola/ mounted directly below the windshield. This, how- 
30 ever, doe not mean that the transparency improves in all viewing directions on the display surface of the liquid crystal 
display, kit tf the display surface is viewed obliquely from above or below, it is seen that cloudy portions still remain. An 
embodinent that aims at improving the transparency of the transparent portions in such cases will be described with 
referenatc Figure 23. 

Figife 23(a) is a perspective view showing the liquid crystal display as viewed from the display surface side. It is 
35 assume* here that regions 2341 and 2342 are in scattered mode (cloudy state) and other regions are in transparent 
state. A1f-Y cross-sectional view (horizontal aoss-sectional view) of the liquid crystal display of Figure 23(a) is shown 
in Figure23(b), and a Z-Z cross-sectional view (vertical cross-sectional view) is shown in Figure 23(c). In Figures 23(b) 
and 23(4. reference numeral 2337 is a transparent portion. 2333 is scattered light due to slight cloudiness remaining 
m the transparent portion 2337, 2334 is transmitted light of the scattered light 2333, and 2335 is reflected light of the 
40 scatterec light 2333. Further, 2340 shows a cross-section of the polarizer, and the mark • in the figure indicates that 
only theigm component (S wave component) whose plane of vibration is perpendicular to the plane of the figure is 
transmitfcd- The scattered light 2333 scattered through the transparent portion 2337 is split into the reflected light 2335 
and traPHTBtted light 2334 at the interface between the polarizer 2340 and the glass substrate 2323. Most of the 
ref(ecte<JSght 2335 is the S wave component, and the transmitted light 2334 is the P wave component. Since the polai - 
45 izer 234l bk3Gks or absort)s the P wave component, in actuality most of the transmitted light 2334 is not radiated out- 
side. 

As Ascribed above, the polarizer 2340 has a polarization axis arranged in a direction that blocks or absorbs the P 
wave component in the Y-Y cross section (horizontal cross section) and Z-2 cross section (vertical cross section). Over- 
all, this peiarizer has a polanzaticn axis on concentnc circles or ellipses with a common center at the center of the dis- 
50 play surfKe. as shown in Figure 23(d). 

By LSing the polarizer having a polarization axis on concentnc circles or ellipses as described, lignt vibrating in 
each pla» containing the normal passing through the center of the display surface (the P wave component in all cross 
sectionsjcan be blocked or absorbed, and therefore, the transparency of the transparent portions as viewed from all 
directioni can be mproved drastically. 

(Embodinerrt 18) 

FigL« 24 IS a diagram showing the basic construction of an 1 8th embodiment of the present invention. The figure 
shows aaoss section of the display device of the invention. Reference numeral 81 indicates a liquid crystal display 
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which comprises a macromolecular dispersion-type liquid crystal 82 such as the one described m the I6th enbodinent, 
and a pair of transparent substrates 34 with transparent eiecirodes 83 formed thereon and sandwiching the macromo- 
lecular dispersior-type liquid crystal 82 between them, images and characters are displayed by putting the macromo- 
lecular dispersion-type liquid crystal 82 in a scatterec or transparent state in accordance with signals frcm a signal 
f generator (not shown). The liquid crystal display 81 is supported by means of a supporter (not shown) having a swing- 
ing mechanism, and can be folded flat or turned up at any desired angle by adjusting its supporting angle a Reference 
numeral 85 indicates a lighting device consisting of a light source 86 and a reflecting mirror 87 and arranged at one end 
of the transparent substrate to illuminate the liquid crystal display 81. 

The lighting device 35 is not limited in construction to the light source 86 and reflecting mirror 87, but any construe- 
<o tion can be employed as long as it is so designed as to illuminate the liquid crystal display 81 . 

The thus constructed display device 91 of the invention is mounted on the dashboard 93 in close prox:mity to the 
windshield 93, as shown in Figure 25. 

The operation of the present embodiment will be described with reference to Figures 26(a) and 26(b). Figure 26(a) 
shows the arrangement when ambient light is bright, for example, in the daytime. The liquid crystal display 81 is turned 
15 up toward the windshield 92, in this condition, when the portions of the liquid crystal display 81 where an image or char- 
acter is to be displayed are put in the scattered state and the other portions m the transparent state by the signal gen- 
erator, the bright ambient light 101 is scattered only through the portions of the image or character to be displayed, 
thereby forming a bright image for display. 

On the other hand, the other portions transmits the ambient light 101. so that the driver 102 can view the displayed 
20 images in superimposed fashion on the outside view. 

When the ambient light 101 is weak, for example, during night dnving, the lighting device 85 is turned on, but with 
the above-described arrangement, reflections would occur on the wirxtehield 92 Therefore, the liquid crystal display 81 
is folded flat, as shown in Figure 26(b), and in this condition, when the liquid crystal display 81 is illuminated from the 
edge of the transparent substrate 84 with light 103 from the lighting device 85, the illuminating light 103 is scattered 
25 through the image or character portions set in the scattered state (portions indicated by A in the figure) , thereby forming 
a bright image for display, in the other portions set in the transparent state (portions indicated by B m tne figure), the 
illuminating light 103 undergoes total reflection within the transparent substrate 84 because of the difference in refrac- 
tive index between the air layer and the transparent substrate, so that the illuminating light 1 03 does not emerge outside 
the surlace of the liquid crystal display 81 As a result, only the displayed image is reflected at the windshield 92 and 
30 forms a virtual image 104 at the front, allowing the driver 102 to view the displayed image superimposed on the outside 
view and thus substantially relieving him of such problems as reflections that could interfere with the driving. In this 
case, the image displayed on the liquid crystal display 81 is reversed right and left, but since the image is again reversed 
on reflection at the windshield 92, the image appears normal like the image viewed when the liquid crystal display 81 is 
set upright. Therefore, special signal processing for reversion need not be performed on the signal controlling the liquid 
35 crystal display 81. 

The decision as to whether the ambient light is strong or weak can be made based, for example, on whether or not 
the headlights or taillights are on. When the driver turns off the headlights and taillights, it is decided that the ambient 
light is strong, and the lighting device 85 is turned off to display images or characters, as shown in Figure 26(a). On the 
other hand, when the driver turns on the headlights or taillights, the lighting device 85 is turned on to display images or 
40 Characters, as shown in Figure 26(b). 

Alternatively, a sensor for detecting the intensity of ambient light may be used to make the above decision with ref- 
erence to a predetermined threshold value. It is of course possible to light the lighting device 85 regardless of the inten- 
sity of the ambient light, If illuminated with a colored light using a colored light source or a color filter, a colored image 
can be produced for display 

45 The means for adjusting the supporting angle a of the liquid crystal display 81 in accordance with the intensity of 

ambient light, that is, the means for setting the liquid crystal display 31 upright wnen the ambient light is strong and fold- 
ing it when the ambient light is weak, may be operated manually by the driver 102, or by electrical means such as a 
motor or mechanical means such as a spnng. In any case, the liquid crystal display 81 can be folded flat when it is not 
necessary Needless to say, the above -described means for deciding whether the ambient light is strong or weak can 

so also be jsed in the 16th and 1 7th embodiments if necessary 

(Embodiment 19) 

Next, a display device will be described whose lighting device is equipped with a polarizer, 
55 Figure 27 is a diagram showing the basic construction of a 19th embodiment of the present invention: Figure 27(a) 

shows a cross section cf the cisplay device when the liquid crystal display 81 is folded flat The liquid crystal display 81 
can be turned up at any desired angle, as shown in Figure 27(b), by adjusting its supporting angle a using a swinging 
mechanism similar to the one described in the 1 8th embodiment. The lighting device 1 1 0 of the present embodiment is 
positioned beneath the nquid crystal display 81, and consists of a light source 1 1 1. a reflecting mirror 1 12. and a polar- 
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izer 113. 

The lighting device nc is net limited to the aoove constrLCtion, but any construction can be employed as long as it 
IS designed to illuminate the liquid crystal display 81 with lighi passed througn the polarizer 1 13. 

The cperation of thepresent emoodiment will be described with reference to Figures 2S{a) anc 2S(b) Figure 28(a) 
shows the arrangement »hen amoient lighi is bright for example, in the daytime. As in the ISth embcdimeni, the liquid 
crystal display 81 (s turned up toward the windshield 92; in this condition, when the portions of the liquid crystal display 
81 where an image or character is to be disola/ec are put in the scattered state and the other oortions in the transparent 
state oy the signal generator, the onght ambient light 101 is scattered only through the portions of tne imaaeor charac- 
ter to be disolayec. therefiy forming a bright image for display. Or the other hand, the other portions transmits the ambi- 
ent light 10V so that thedriver can view the displayed images superimposed on the outside view. 

When tne ambient light 1 Cl is weak, for example, during night driving, the liquid crystal display 81 is folded flat, as 
shown in Figure 28(b), and in this condition, the lighting device 110 illuminates the liquid crystal display 31 with illumi- 
nating light 1 20 fronn below the liquid crystal display 81 . When the polarizer 1 1 3 whose direction of polarization is shown 
by arrow X (P polarization) is mounted on the lighting device ■ 10, of the light emitted from the light source 1 1 1 only the 
light vibrating in the same direction as the direction of polarization of the polarizer 113 is passed through it as the illu- 
minating light 120 to tllumnatethe liquid crystal display 81 In the image or character portions set in the scattered state 
(portions indicated by C in the figure) in the liquid crystal display 81 , the illuminating light 120 consisting only of the com- 
ponent vibrating in the direction of arrow X (P-polanzation component) is turned oy scattering into display light 121 hav- 
ing components vibrating substantially in many directions when viewed from the windshield side. The display tight 121 
is reflected at the windshekJ 92 and forms a virtual image 122 at the front. 

On the other hand, mthe other portions set in the transparent state (portions indicated by D in the figure), the illu- 
minating light 120 poiarizjd in one direction is passed thrcugn the liquid crystal display 81 and reaches the windshield 
92. When the ar>gie of inodence p at which the illuminating light 120 passed through the transparent portions of the liq- 
uid crystal Display 81 is incident on the windshield 92 fails within a prescribed range, the light passes through the wind- 
shield 92 with Httle reflecfen and exits outside the automobile. 

The display device can thus provide good visibility, allowing the driver to view only the displayed image in s^'perim- 
posed fashion on the outside view without having to directly see the illuminating light. 

(Embodiment 20) 

Figure 29 shows a front view of the liquid crystal display of the invention and a cross section taken along line A-A 
In the figure, reference nimeral 2901 is a transparent substrate, 2902 is a display pattern portion and is formed from a 
transparent electrode, and 2903 is a wiring portion for a display pattern portion 2902 and is formed from a transparent 
electrode. Further. 2904 is a transparent insulating layer, 2905 is a transparent electrode formed in a portion other than 
the display pattern portion 2902. 2906 is a transparent substrate opposing the transparent substrate 2901 2907 is a 
transparent electrode formed on the transparent substrate 2906 and 2908 is a macromolecular dispersion-type liquid 
crystal (hereinafter simply referred to as the liquid crystal). 

When a voltage is applied between the transparent electrodes 2905 and 2907, setting the portions between them 
in the ON state while settrg the display pattern portion 2902 in the OFF state, the liquid crystal 2908a in the display 
pattern portion 2902 is put in the scattered state. At this time the voltage is not applied to the wiring portion 2903, but 
since the voltage is applied to tie transparent electrode 2905 above it, the liquid crystal 2908b in the wiring portion 2903 
is set in the transparent stete. Thus only the display pattern portion 2902 can be displayed by setting the liquid crystal 
2908b in the winng portion 2903 always in the transparent state. 

Figure 30 is a diagrant conceptually showing how the transparent electrodes are formed in the liquid crystal display 
of the invention. First, as s^own in Figure 30(a), a transparent electrode is deposited to form the display pattern portion 
2902 and the wring portion 2903 on the transparent substrate 2901 . Next, as shown in Figure 30(b), the portions other 
than the display pattern portion 2902 are covered with the insulating layer 2904, Then, as shown in Figure 30(c). the 
transparent electrode 2905 is formed on the insulating layer 2904, completing the three-layered structure consisting of 
the transparent substrate 2901 containing the wiring portion 2903, the insulating layer 2904, and the transparent elec- 
trode 2905. as shown in Figure 29. With this structure, oniy the display pattern is displayed with the other portions set 
in the transparent state T>»e liquid crystal display can thus provide good visibility, displaying an image or character on 
a transparent screen m superimposed fashion on the background 

(Embodiment 21) 

Next, a liquid crystal dsplay of the construction that acnieves uniform screen transparency will be described Figure 
31 shows display patterns r the liquid crystal display according to a 21 st embodiment of the present invention, in Figure 
31. reference numerals 31C9 and 31 10 are display pattern portions, and 31 1 1 and 31 12 are winng portions for the dis- 
play pattern portions. Wiring line width is made thicker as the display pattern area increases. That is, when the area of 
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the display pattern portion 3109 is S9 and the area of the display pattern portion 31 10 is S10, and S9 > SiC, the trans- 
parent electrodes and insulating layer are formed in the same way as described m the 20th embodiment in such a man- 
ner as to satssfy W11 > W12, where W1 1 and W12 are the line widths oi the wiring portions 3111 and 3112, 
respectively. 

In this way. the wiring resistance of the larger area display pattern is reduced to reduce the voltage drop through 
the wiring portion. Since approximately the same voltage can be applied to the liquid crystal regardless of the area sizes 
of the display patterns, the liquid crystal display achieves uniform screen transparency 

(Embodiment 22) 

Figure 32 shows display patterns in the liquid crystal display according to a 22nd embodiment of the present inven- 
tion. When Ttte area sizes of the display parterns are the same but the lengths of the wiring portions are different 
because of cfafferent display positions, as shown in Figure 32, wiring line width is made thicker as the wiring length 
increases. That is. when the length of the wiring portion 3214 for the display pattern portion 3213 is LI 4 and the length 
of the wiring portion 3216 for the display pattern portion 3215 having the same area size as the display pattern portion 
3213 is LI 6, and L14 > LI 5, the transparent electrodes and insulating layer are formed in the same way as described 
in the 20th ennbodiment in such a manner as to satisfy Wl4 > W16, where W14 and W16 are the line widths of the wir- 
ing portions 3t214 and 3216, respectively. 

In this way. the wiring resistance of the display pattern having the longer wiring portion is reduced to reduce the 
voltage drop through the winng portion. Since approximately the same voltage can be applied to the liquid crystal 
regardless of the wiring length, the liquid crystal display achieves uniform screen transparency. 

As described, the transparent liquid crystal display of the invention not only achieves improved transparency com- 
pared with the .conventional liquid crystal display using polarizers, but has the excellent characteristic that bright images 
can be obtained because images are displayed in the scattered mode and also color images can be obtained easily by 
illuminating wi^h colored light, whereas, with the conventional liquid crystal display which displays images by absorbing 
light, only darkish images could be obtained if the display was driven in the transparent mode. 

In the above 21st and 22nd embodiments, display pattern area and wiring length have been dealt with separately 
but it will be recognized that the wiring line width should be determined sc that the voltage drop through any wiring por- 
tion is equal regardless of its length, in accoroance with conditions considering both the display pattern area and winng 
length. 

(Embodiment 23) 

Next, adeschption will be given of a head-up display using the liquid crystal display of the present invention. Figure 
33 is a diagram showing the basic construction of the head-up display according to a 23rd embodiment of the invention. 
Reference rvimeral 3317 is a windshield, and 3318 is the liquid crystal display of the invention which displays images 
and characters. The liquid crystal display is attached to the windshield 3317 or mounted on the dashboard 3319 using 
a transparent adhesive tape, suction cap, or the like, and displays images and characters by receiving signals from a 
signal generator not shown. Further, 3320 is a lighting device consisting of a light source 3321 and a reflecting mirror 
40 3322 and so mounted as to illuminate the liquid crystal display 3318. 

The lighting device 3320 is not limited in construaion to the light source 3321 and reflecting mirror 3322, but any 
construction can be employed as long as it is so designed as to illuminate the liquid crystal display 3318. 

The operation of the present embodiment will be described with reference to Figure 34. Figure 34(a) shows the 
arrangement when ambient light is bright, for example, in the daytime. In the liquid crystal display 3318 attached to the 
45 Windshield 33 'T 7, when the portions of an image or character to be oisplayed are put in the scattered state and the other 
portions in the transparent state, the bnght ambient light 3423 is scattered only through the portions of the image or 
character to be displayed, thereby forming a bright image for display On the other hand, the other portions transmits 
the ambient light 3423, allowing the driver to view the outside view, 

When the ambient light 3423 is weak, for example, during night driving, as shown in Figure 34(b), the lignting 
ic device 3322 is turned on to illuminate the liquid crystal display 3318 with illluminating light 3424 which is scattered only 
through the image or character portions set in the scattered state, thereoy forming a bright image for display On the 
otner hand, the other portions that are set in the transparent state transmit the illuminating light 3424 outside the auto- 
mobile , this admitting the ambient light 3423 and allowing the driver to view the outside view 

The decison as to whether the ambient light is strong or weak can be made based, for example, on whether the 
55 headlights »e on When the driver turns off the headlights, it is deeded that the ambient light is strong, and the lignting 
device 3322 is turned off to display images or characters, as shown in Figure 34(a) On the ether hand, when the driver 
turns on the headlights, the lighting device 3322 is turned on to display images or characters, as shown in Figure 34(b), 
Alternatively, a sensor for detecting the intensity of ambient light may be used to make the decision as to whether the 
ambient light is strong or weak. 
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In this way the liquid crystal ciisplay of the inventicn is attached *o tne windshield and with the Dcrtions of an image 
or charade! to oe displayed set in the scattered state and the otner portions set in the transparent state, the image for 
display IS formed using the ambient light when the ambient light is bright enough, and using the illuminating fight ^rom 
the lighting device when the ambient light is weak. Tnis constructicn achieves a display device which is compact and 
which can cisplay information in superimposed fashion on the outside view. It is of course possible to keep the display 
constanty illuminated with lighting, in which case a colored scattered iight image can be oDtained by illtminating with 
colored light. 

(Embodiment 24) 

Next, a descriptton will be given of a navigation system that uses the head-up display and the liquid crystal display 
of the present invention. Figure 35 is a functional block diagram of the navigation system according to a 24Th embodi- 
ment of the invention. Reference numeral 3525 is a present position detection means which detects the present position 
of the vehicle by receiving radiowaves from GPS satellites, or by calculating the vehicle's travelling path based on the 
information from the heading sensor and distance sensoi mounted in the vehicle and relating the calculated results to 
the road data stored m map storage means 3526, or by using both methods in combination. A travelling route selection 
means 3527 selects the appropriate route and road to the destination based on the data stored in the map storage 
means 3526, road traffic information, etc A guiding means 3528 calculates a junction or intersection where guidance 
is needed on the basis of the information from the travelling route selection means 3527, and also calculates the dis- 
tance from the present position to the junction and outputs the distance to the junction or the direction of the turn to a 
signal generator 3529 when the vehicle approaches within a predetermined distance of the junction. The signal gener- 
ator 3529 converts this information to display output data, and displays guiding information on a head-up display 3530. 

Next, the operation of the present embodiment will be descnbed. The construction of the head-up display 3530 is 
the same as that shown tn Figure 33. Figure 36 shows an example of a screen display of the head-up display 3530 
When the driver inputs the destination, the appropriate route and road are selected, and a junction point is calculated 
As the vehicle tiavels, the vehicle approaches within a predetermined distance of the junction point, upon which the 
direction of the turn and the distance to the junction point are output via the signal generator 3529 and displayed in 
superimposed fashion on the outside view, as shown in Figure 36. The information displayed on the head-up display 
3530 IS not limited to the example shown in Figure 36, but such information as vehicle speed, present time, direction, 
and warning or alarm indicating the occurrence of a trouble in the vehicle or traffic congestion or accident ahead, may 
be displayed 

In this way, according to the present embodiment, since the driver can obtain guiding information from the naviga- 
tion system in a reliable manner without looking away from the road during driving, inattentive driving can be avoided 
and safety in vehicle driving can be enhanced. 

(Embodiment 25) 

Next, a description will be given of a combination instrument using the transparent liquid crystal display of the 
present invention. Figure 37(a) is a cross-sectional view of the combination instrument according to a 25th embodiment 
of the invention, wherein reference rujmeral 3731 is, for example, a fluorescent display lamp which is normally on to dis- 
play a speedometer, tachometer, etc.. as shown in Figure 37(b}. Reference numeral 3732 is the transparent liquid crys- 
tal display already described previously. Further, 3733 is a lighting system which illuminates the transparent liquid 
crystal display 3732 and is installed in an optimum location according to the arrangement of display patterns Normally 
the transparent liquid crystal display 3732 is maintained in the ON state so that it is transparent allowing viewing of the 
displays shown in Figure 37(b). When the transparent liquid crystal display 3732 is set in the OFF state in accordance 
with a control signal , scattered light images showing the amount of remaining fuel, etc. are displayed in superimposed 
fashion, as shown m Figure 37(c) When frie scattered light images are illuminated, for example, with red light from the 
lighting system 3733, red displays are produced 

The combination instrument of the present embodiment eliminates the need for a separate display and a half-sil- 
vered mirror and hence, space tor accommodating them, which were required with the conventional virtual image dis- 
play system, and only requires that the transparent liquid crystal display of the invention be overlaid on the instrument 
The present embodiment, therefore, is compact and inexpensive in construction, allows a wide variety of displays, and 
provides an excellent display It will also be appreciated that various types of lighting system can be selected according 
to the purpose. 

(Embodiment 26) 

Next, a combination rearview mirror according to a 26th embociment of the present invention will be described. In 
Figure 33 reference numeral 3834 is an ordinary rearview mirror cn which the transparent liquid crystal display 3835 
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already described previously is overlaid. Normally, the liquid crystal display 3835 is transparent, and the rearview mirror 
simply acts as an ordinary rearview mirror. When an appropriate signal is aoplied to the liquid crystal display 3835, a 
warning iriaication, for example, is displayed flashing, as shown in the figure, alerting the driver. Since the portions other 
than the displayed portions are transparent, the display can be seen ;n superimposed fashion on the rear view, while 
retaining the function as a rearview mirror. 

(Embodiment 27) 

Figure 45 is a conceptual diagram showing the construction of a liquid crystal display according to the present 
invention. Reference numeral 4501 is a top transparent substrate, and 4502 is a bottom transparent substrate. A trans- 
parent electrode 4503 is deposited uniformly over the underside of the top transparent substrate 4503. A patterned 
transparent electrode 4504 and a transparent electrode 4505 for its wiring are deposited on the bottom transparent sub- 
strate 4502. A cube 4506 defined by dashed lines in the figure is fHied with a macromolecular dispersion-type liquid 
crystal, while the space excluding the cube 4506 is filled with a transparent resin In the thus constructed liquid crystal 
display of the present invention, when an AC signal voltage is applied between the electrode 4503 and the electrodes 

4504, 4505, the region 4506 filled with the macromolecular dispersion-type liquid crystal becomes transparent in the 
ON state and scattered in the OFF state, thus displaying a pattern 4504. The other portions including the wiring portion 

4505, which are filled with transparent resin, are always transparent, and unwanted scattered light images are not pro- 
duced. That IS, the image of the wiring portion can be erased. In this way, according to the invention, the macromolecu- 
lar dispersion-type liquid crystal is filled only into the portions necessary for display, and the other portions which are 
not necessary are filled with a transparent resin instead of the macromolecular dispersion-type liquid crystal. 

Next, a method of fabricating the liquid crystal display of the invention will be described. Figure 46(a) shows trans- 
parent electrodes deposited in the form of patterns. In addition to the pattern 4504 and its wiring portion 4505 shown in 
Figure 45. a new pattern 4508 arranged in close proximity to the pattern 4504 and its wiring portion 4509 are formed. 
It is desirable that the patterns 4504 and 4508 be formed as close to each other as possible. Figure 46(b) shows a trans- 
parent resin 4507 screen-printed to a prescribed thickness on the pattern electrodes That is, the transparent resin is 
pnnted everywhere except the pattern portions 4504 and 4508. On top of this structure, a substrate with a transparent 
counter electrode uniformly formed over it is overlaid, and the top and bottom substrates are bonded together with the 
transparent resin 4507 interposed between them, resulting in the formation of an emoty cell 4510 as shown in Figure 
46(c) (the electrodes are not shown). Next, a macromolecular dispersion-type liquid crystal precursor (hereinafter 
refen-ed to as the liquid crystal precursor) is injected through an opening 4511, and cured. When an AC voltage is 
applied between the electrode 4509 and the counter electrode 4503 m the thus fabricated liquid crystal display, the pat- 
tern 4508 becomes transparent and only the pattern 4504 is displayed in the scattered state. When an AC signal volt- 
age is applied between the electrodes 4505 and 4503, the display of the pattern 4504 is turned on and off according to 
the applied signal. It is cf course possible to apply an AC signal voltage to the pattern 4508 formed independently of the 
pattern 4504 and to use not only the pattern 4504 but also the pattern 4508 as a display electrode, The present embod- 
iment has employed the method m which the transparent resm is formed m the shape shown in Figure 46(b), the liquid 
crystal precursor rs injected through the opening 451 1 in Figure 46(c), and an independent pattern electrode is formed 
in the portion of the pattern 4508 corresponding to the injection path. It will, however, be recognized that it is also pos- 
sible to employ other methods, for example, a method in which, as shown in Figure 45, the transparent restn 4507 is 
deposited everywhere except the space 4506 above the electrode 4504, a prescribed amount of liquid crystal precursor 
is dropped using a dispenser or the like to fill the space 4506. and the opposing transparent substrate is overlaid ther- 
eon and cured, or a method in which, as shown in Figure 47(b), a transparent resin layer is formed on the substrate 
periphery (seal) and on the wiring portion, and the liquid crystal precursor is injected through the opening 451 1 into the 
remaining portions where an indepencent electrode 4512 is deposited in advance surrounding the pattern electrode 
4504 (hatched portion) and its wiring electrode 4505 (hatched portion) as shown in Figure 47(a). With an AC voltage 
applied between the pattern electrode 4512 and the counter electrode 4503, the entire display area except the pattern 
4504 always stays transparent, A suitable method can be selected according to the purpose and process requirements. 

As the transparent resin, a sealant usually used for sealing a liquid crystal cell, or epoxy acrylic, or other resin that 
can provide the necessary transparency, can be used as desired. In the present embodiment, the transparent resin was 
formed by screen printing, but it will be appreciated that other methods, such as a dispenser method, may be selected 
as desired. 

Claims 

1 . A backlighting device comprising a light guiding member with light source means disposed facing one edge thereof, 
wherein a substantially transparent layer having a higher refractive index than said light guiding member is formed 
on a light emergence surtace of said light guiding member, on top of which a scattering layer is formed 
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2. A backlighiing device comorisinc a 'ight guiding Tierrtber with fight source means disposed facing one edge thereof, 
wherein at lesst a scattering layer is formed on a lignt emergence surface of said iicht guiding n^ember. and the light 
emergence surface of said light guiding member is sloped ;vith a sloping angle of £7 degrees or greater but not 
greater than 90 degrees. 

3. A backlighting device comorisinc a light guiding member with light source means disposed facing one edge thereof, 
wherein a scattering layer, in which two or more kinds of rratenais having dif'erent refractive indices and having 
substantially no absorption bancs within the visiole spectral region are mixed m a pna?;e r^eparatpd s^tat^^ \^ formed 
on a light emergence surface of said tight guiding member. 

4. A backlighting device according to claim 1 , wherein the refractive index of said higher-refractive-index layer is 0.05 
to 1.50 greater than the retractive index of said light guiding member. 

5. A backlighting device according to claim 1 , 2, or 3. wherein said scattering layer comprises a mixture of two or more 
kinds of polymers that have different refractive indices and whose constituents are substantially transparent and 
are present in a phase separated state. 

6. A backlighting device according to claim 1, 2, or 3, wherein in said scattering layer a htgh-refractive-index com- 
pound is present in a phase separated state within a low-refractive-index polymer. 

7. A color display device comprising: 

a light guiding member constructed with a pair of wedge-shaped light guiding plates bonded together; 

light sources of different colors, each disposed facing one edge of each of said wedge-shaped light guiding 

plates; 

substantially transparent layers, each formed on ahght emergence surtace of each of said wedge-shaped light 
guiding plates and having a higher refractive index than said light guiding member: and 
scattering layers each formed on top of each of said transparent layers. 

8. A color display device comprising: ' 

a plurarity of light guiding plates, disposed parallel to each other, for guiding a light therethrough; 
a light scattering layer formed on a display side of each of said light guiding plates; 

a low-refractive-index layer formed between said light guiding plates and on the display side of said light scat- 
tering layer; 

a color filter disposed on one edge face of each of said light guiding plates; and 
a light source disposed near said color filter. 

9. A color display device according to claim 8, wherein a layer having a higher refractive index than said light guiding 
plates IS formed on top of and/or beneath said light scattering layer. 

10. A color display device according to claim 9, wherein said high-refractive-index layer is a transparent conductive 
layer, and said light scattenng layer is constiucted witha macromolecular dispersion-type liquid crystal. 

11. A color display device according to claim 8, 9, or 10. wherein said low-refractive-index layer is also formed on one 
sde of the light guiding plate located at the farthest end from the display side, said one side being opposite from 
the display side. 

12. A color display device according to claim 8, wherein said color filters are of three kinds, R, G, and B, respectively 

13. A color display device according to claim 8 wnerein said color filters are each constructed to oe movable with 
respect to each of said lignt guiding plates , allowing seiection of a different color 

1 4. A vehicular onbcarc color display apparatus comprising; 

said color display device of claim 8 or 1C; 

a drive circuit for driving said color display device; and 

a signal generator for supplying said drive circuit with a signal concerning display contents, 

said color display device being positioned near a glass surlace m sucn a manner as to allow an image dis- 
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played on said color cisplay device to be viewed superimposed on an outside view seer through said glass sur- 
face 

15. A vehicular onboard combination color display apparatus comprising 

sad color display device of claim 10; 

an instrument pane!, installed in combination with said color display device, for displaying various conditions of 
a vehicle; 

a conrrol section for controlling said color display device and said instrument panel, and 
10 an operation section for allowing a manual operation of displayed conditions on said color display device and 

said instrument panel through said control section. 

16. A color display operation panel comprising: 

15 a transparent touch panel switch; 

said color display device of claim 10 overlaid on said transparent touch panel switch, 

a control section for controliing said transparent touch panel switch and said color display device; and 

a drive circuit for driving said control section. 

1 7. A color display device positioned near a glass surface such as a window glass or a show window, said color display 
device being equipped with a polarizer, wherein 

when light emitted from said color display device is reflected at said glass surface and reaches a viewer 
viewing displayed information on said color display device, and when a plane is determined by three points consist- 
ing of said color display device, a reflecting point on said glass surface at which the light from said color display 
25 device is reflected, and said viewer, said polarizer has a polarization axis arranged in such a direction as to block 
or absorb incident light (S wave) whose plane of vibration is perpendicular to said determined plane and which 
would otherwise be incident on said reflecting point. 

18. A liquid crystal display device positioned near a glass surface such as a window glass or a show wincow, said liquid 
3c crystal display device including a liquid crystal layer sandwiched between two polarizers mounted on both sides 

thereof, wherein 

when light emitted from said liquid crystal display device is reflected at said glass surface and reaches a 
viewer viewing displayed information on said liquid crystal display device, and when a plane is determined by three 
points consisting of said liquid crystal display device, a reflecting point on said glass surface at which the light from 
said liquid crystal display device is reflected, and said viewer, of said two polarizers mounted on said liquid crystal 
display device the polarizer mounted on a display side has a polarization axis arranged in such a direction as to 
block or absorb incident light (S wave) whose plane of vibration is perpendicular to said determined plane and 
which would otherwise be incident on said reflecting point. 

40 1 9. A color display device positioned near a window glass , wherein a variable scattering layer capable of varying a light 
transmission state and scattering state or a variable absorption layer capable of varying a light transmission state 
and absorption state is sandwiched between a plurality of substrates, and an image, character, etc. are displayed 
by light transmission and scattering or absorption through said scattering layer or said absorption layer, and when 
ambient light incident on said window glass is strong, said scattering layer or said absorption layer is illuminated 

45 with the ambient light to directly display an image, while when the ambient light is weak, said scattering layer or said 
absorption layer is illuminated with a lighting device, 

whereoy said color display device is positioned so that an angle of incidence at which display light from said 
colcr display device is incident on said window glass falls within a range where reflectivity of a P wave component 
of said display light is low, and a polarizer for blocking or absortDing an S wave conponent of said display light is 

EG mounted on said color display device, 

20. A color display device according to claim 19. wherein said polarizer is a variable polarizer that polarizes the display 
light emitted from saic color display device and incident on said window glass in such a manner as to block or 
absorb the S wave component of said display light when said color display device is illuminated with said lighting 

55 device, but does not polarize the display light from said color display device when said color display device is not 
illuminated with said lighting device. 

21 . A color display device according to claim 1 9 or 20. wherein said polarizer has the characteristic that, of the display 
light from said color display device, light vibrating in each plane containing the normal passing through the center 
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of a disolay surface of said color display cevice is blocked or absorbed 

22. A cclor display device 'or allcwing viewing of various images and display images of character infor-naticn and the 
liKe in superimposed fasfnton on fon/vard view information, comprising: 

a transmission-type liquid crystal Gisplay which is positioned near a window glass and has a variable scattering 
iayer being sandwrched between a plurality of substrates and oemg capable of varying a light transmission 
state and scattering state , said transmission-type liquid crystal display being for disolaynq images, characters, 
and the like by light transmission and scattering through said scattering layer; 

a signal generator for supplying image anc character signals to said transmission-type liquid crystal display; 
and 

a lighting device tor illuminating said transmission-type liquid crystal display, and wherein 
said transmission-type liquid crystal display includes a mechanism by which said transmission-type liquid crys- 
tal display can take a position for directly displaying images by illumination with ambient light entering through 
said wtncow glass and a position for displaying virtual images by refleamg, at said window glass, display 
images formed by iliuminating with said lighting device. 

23. A color display device according to claim 22, wherein said mechanism supports said transmission-type liquid crys- 
tal display on a supporter having a swinging mechanism, anc the surface of said window glass is inclined with 
respect to a prescribed reference plane, and wherein when said ambient light is strong, said transmission-type liq- 
uid crystal display is turned ud at a desired angle with respect to said reference plane, and when said ambient light 
IS weak, satd transmission-type liquid crystal display is folded flat substantially parallel to said prescribed reference 
plane and said lighting device is turned on. 

24. A color display device according to claim 22 or 23, wherein said transmissicn-type liquid crystal display comprises 
a macromolecular dispersion-type liquid crystal and a pair of transparent substrates with transparent electrodes 
formed thereon sandwiching said liquid crystal therebetween, and said lighting device is disposed facing one edge 
of said transparent substrate. 

25. A color display device according to claim 22 or 23, wherein said lighting device has a polarizer which is positioned 
beneath said transmission-type liquid crystal display when said transmission-type liquid crystal display is folded 
flat. 

A liquid crystal display comprising two transparent substrates with transparent electrodes formed thereon and a liq- 
uid crystal layer sandwiched between said transparent substrates, wherein a display pattern portion where a pre- 
scribed voltage is applied becomes transparent and a display pattern portion where no voltage is applied is in a 
scattered (opaque) state, said liquid crystal display being characterized by the inclusion of a display pattern portion 
and Its wiring portion which are formed by said transparent electrode on at least either one of said transparent sub- 
strates, an insulating layer covering said transparent electrode at least in said wiring portion, and another transpar- 
ent electrode formed on said insulating layer, 

A liquid crystal display compnsing two transparent substrates with transparent electrodes formed thereon and a liq- 
uid crystal layer sandwiched between said transparent substrates, wherein a display pattern portion where a pre- 
scribed voltage is applied becomes transparent and a display pattern portion where no voltage is applied is in a 
scattered (opaque) state, said liquid crystal display being charactenzed by the inclusion of a display pattern portion 
and Its wiring portion which are formed by said transparent electrode on at least either one of said transparent sub- 
strates, line width of said wiring portion being made thicker as said display pattern portion increases in area size 

A liquid crystal display comprising two transparent substrates with transparent electrodes formed thereon and a liq- 
uid crystal layer sandwiched between said transparent substrates, wherein a display pattern portion where a pre- 
scribed voltage is applied becomes transparent and a display pattern portion where no voltage is applied is in a 
scattered (opaque) state, satd liquid crystal display being characterized by the inclusion of a display pattern portion 
and Its wiring portion which are formed by said transparent electrode on at least either one of said transparent sub- 
strates, line width of said wiring portion being mace thicker as wiring length to said display pattern portion 
increases. 

29. A head-up display, positionec near a window glass for allowing viewing of display images and characters superim- 
posed on an outside view ahead, comprising; 
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said liquid crystal display of claim 26. 27, or 28; 

a signal generator for supplying display image and character signals to said liquid crystal display; and 
a lighiing device for illuminating said liquid crystal display 

30. A head-up display according to claim 29, wherein when ambient light entering through said window glass is strong, 
said liquid crystal display is illuminated with said ambient light, and when said ambient light is weak, said liquid 
crystal display is tiluminated by said lighting device. 

31. A head-up display according tc claim 29 or 30, wherein said liquid crystal display is illuminated by said lighting 
device when headlights or sidelights of a automobile, vessel, tram car. or the like are turned on. 

32. A head-up display according tc claim 29 or 30, further comprising an optical sensor for delecting ambient light 
intensity, wherein said liquid crystal display is illuminated by said lighting device when the detected light intensity is 
smaller than a predetermined value. 

33. A navigation system comprising: 

map storage means for storing road data; 

present position detection means for detecting present position of a vehicle; 

travelling route selection means for selecting an appropriate route and road along which said vehicle should 
travel, 

guiding means for guiding a driver to an appropriate road on the basis of information from said travelling route 
selection means; and 

said head-up display of any one of claims 29 to 32, and wherein 

information from said guidtng means, vehicle speed, and present time are displayed on said head-up 
display in superimposed fashion on a forward view ahead. 

34. A combination instrument, overlaid on an instrument in an automobile, vessel, train car, or the like, for allowing 
viewing of information from a transparent display in superimposed fashion on display information of said instru- 
ment, said liquid crystal display of claim 26. 27, or 28 being used as satd transparent display, said combination 
instrument comprising: 

a signal generator for supplying display image and character signals to said liquid crystal display; and 
a lighting device for illuminating satd liquid crystal display. 

35. A combination rearview mirror, overlaid on a rearview mirror in an automobile or other vehicle, for allowing viewing 
of information from a transparent display in supenmposed fashfon on a rear view reflected on said rearview mirror, 
said liquid crystal display of claim 26, 27, or 28 being used as said transparent display, said combination rearview 
mirror comprismg: 

a signal generator for supplying display image and character signals to said liquid crystal display. 

36. A liquid crystal display comprising two transparent substrates with transparent electrodes formed thereon and a 
polymer dispersed liquid crystal layer sandwiched between said transparent substrates, wherein the liquid crystal 
layer becomes transparent when a prescribed voltage is applied to said display pattern portion of the transparent 
electrodes and becomes in a scattered [opaque) state when no voltage is applied to said display pattern of the 
transparent electorodes, 

said liquid crystal layer is provided at least between a part of said transparent substrates where the display 
pattern portion exists and 

a transparent member is provided at least between a part of said transparent substrates where a wiring por- 
tion of said transparetn electrodes for the display pattern portion exists. 

37. A method of making a liquid crystal display .comprising such steps of 

forming a display pattern portion and a wiring porbon on a fisrt transparent substrate by using a first transpar- 
ent electrode, 

providing a transparent member on a place of said first transparent substrate ,said place being such all position 
where the wiring portion exists, 

provioing a second transparent substrate on which a second transparent electrode is formed , on the transpar- 
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ent member, and 

tilling a polymer dispersed liquid crystal material between saic first and second transparent substrates. 
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